
US Army Corps
of EngneersTECHNICAL REPORT M-338

R fý,xr~ ELar.0cyDcere 1

NI'NITI)N'S STORAGE CONCEPTS
FOR USE IN FLAT TEKRRAIN
VOLUME II. MUNITIONS STORAGE LAYOUTS

"S**

0~J,

kU B __ __



REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

"* Pages smaller or larger than normal.

"• Pages with background color or light colored printing.

"* Pages with small type or poor printing; and or

"* Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

E1lf this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.

(This document contains)
blank pages that were
not filmed



The contents of this report are not to be used for jdverl.i.ng, puhlictan. o0f
promotional purposes. Citation of trade name% dots not constitute an
o(ffcial indorwrnmenm or approval of the use of su,.h commercial products.
The findings of this report are not to he construed as an official Department
of the Army rs"ition, unless so designated by o•ther authonzled documents.

iS

ODsTRO Y THis REPOR T WNHEv IT/s.-o i (%t, R t % D (

o NOT RETUtRN IT TO Ti I ORflP. 4 tw)ro



I 'CCIASq FFT)f
SECURITY CLASS1 FIC A-ION Or Ti PlAGE D-S tl. 1.,

REPORT DOCMAENTATION PAGE RFREAD NSTRUTItNSFR

I . REPORT NUMBRE i2 GOVT ACCESSION i I RECR/ 55$ CATAO 410 NIllR

4. TITLE (al70 S.6111. 9 00 COVERED

MUNýITIONS STORAGE CONCEPTS FOR USE IN FLAT
TERRAIN: VOLLUME 11, .fn'ITIONS STORAGE LAYOUTS Final

6 PERFORMING ORG REPORT mllsill

7. AUTsOrl. S. CONTRACT OR GRANT NUMBER(.,

HM. G. Whitney P. T. Nash S. K. Brauer
N. W. B'aylock - B. L. Morris R. D. Taylor
L. M._Vargas W.__E.__Baker_______________

9. PERFRMPING ORGANIZATION NAAME AN0 ADDRESS 10 PR0G~AM ELEMENT, PjETASK5

SOUTHWEST RESEARCH INSTITUTE AlI OKUMTNMS1

6220 Culebra Road DNA RD)T&E A99QACKFC
San Antonio, TX 782Si4________________

Ii C0N'ROLLI.G OFFICE -. Al -NO ADDRESS 12. RElOR DATE

Deftense Nuclear Agency Deceriber 1983
6801 Telegraph Road, Hybla Valley Federal Bldg. 19 U."i OF PAGES

Was~hington, DC 20305 4I.- 403~ C S. . ~h1
AUEN, NOIORN 1111 41 A0OOESSIIT-1i ji I SECURITY LA$ .'IP

U.S. Army Construction Engr Research Laboratory UCASFE
P.O. Box 4005 UNLSSFE

Champaign, IL 61820 jI.OC.S'CTO ONR0R

I111 DlIT1101jTIOM STATEME.NT 1,1 1*1,,V.A

Approved for public releal distribution unlimited.

17 1ISTRIlUIO ST ATEMENT 11IP Acia..d Dc&2,IT llT., N..f~

II SUPPLEMENTARY POTS

Copies are available from the Nazional Technical Information Service'4 Springfield, VA 22161

IN FEY .O0s40 .I.1...I..dI-1p.e,4I.IIYT -o1PI.

we apo0ns
storage
76igazines (ordnance)

ill' oh i i,I thi-. proit."t -iS, to devvlop feasihle conlel trý,
WI pe'n strhof liI.;II ti in f lat temrr~tin with is high water table.
1hI' resu~lt ot the st'AiV is prel imin~iry dL in of six feasýible storage
COMP 1 IXes. RothI ilhovvyrin ini IflliTrgrounId qtruclu Ires are propos;edi.
'The s pec iii Is trc 1)1rTItiles necessitate-d bv the high water tabis ac re
Iidirelsd P051 de-s ln is cap~ible of conri Iii ng the- h.~pzardous eflects of
an interitl ex-plosion within tihe hbsv of occulrrence. The facil ities are

D J~'IM 7173 PnOOP451 UNCIASSI FlED J
SECUIRI'T CI. S-31iPCTO or rNTi PAGE -Ill fl- PIs.



sCCURITY CLASSI|I•CATIO0 OF THIS PAGCM(hý Dole Nalor-o

,also designed to survive such external threats as detjr.%ticm of 300,000
pounds of high explosive 100 meters away from the s.ructure, a direct hit
by a 500 pound bomb, a B747 aircraft impact on the toof, and a sophisticated
terrorist attack. Furthermore, under chemical ,arfare conditions, the
facilities can continue the weapon loadout process while maintaining a 'clean
environment within the structure. Twenty-five year life cycle cost estimates
are included for each of the six designs.

Volume I contains a narrative description of the evolutionary design

process that led to the six proposed designs, a tec.:nical discussion of the
design constraints imposed by the various threat scenarios, and a detailed
description of the six facility designs. Volume II documents the engineer-
ing calculations supporting the structural designs and the life cycle cost
calculations. Plan and section drawings are provided for each of the six.
facilities.
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Bliste: agents are prizarily chlorinated organic compounds often rin-

taizing sulphur and nitrogen. Some can be classified as chlortmated amines.

oBlister agents and nerve agents fall into the same classes as many pesti-

tides and herbicides. Blister agents irritate and/or poison cells in the

eyes, lungs and skin. Effects are usually somewhat delayed (several hours)

There is very little i=mediate pain upon contact. The agent causes severe

uose and throat irritation, eye da-age, and skin blistering and awelling.

When death occurs, it is usually the result of infection. Lethal doses are

show-- in Table I. Blister agents include mustard (5-6 types), phosgene oxime

(CX), and Lewisite (Q). Mustard was used during World War i. •any of the later

blister agerts are odorless. The duration of effectiveness varies from
agent to agent.

-he concentration at which minor physiological effects begin is gen-

erally taken to be 4 g/c 2 for mustard agent H.D '(Re J,•.

1. M1L--6b-.2) 'F;Ite,- J-;h, Prfee-+-;vce C /aiit e-,s-Mask

8fa 1P~ae~ r~'us Pd-~ 42-3 is
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Nerve agents can be referred to as organophosphorus compounds.

They are extremely toxic and fast acting, as shown in Table 1. A few

tens of milligrams of liquid agent can cause death in less than 15 min-

utes. Very minute concentrations around the eye viii lead to marked

=iosis. T-he nerve agents enter :he body through the respirator-y sVsZem,

the eyes, or exposed skin. Both liquid and vapor forms~rapidl penetrate

"the skin. Nerve agents act by upsetting the balance between the s,-vPathet-

ic and paras-ympathetic nervous systems, resulting in convulsions, coma,

and death. Some examles of nerve agents are tabun (CA), satin (GB),

so=an (G:) and agent VX (or VR.55). Nerve agents have a relatively long

duration of effectiveness (days as opposed to hours). Agents like V1

are absorbed by vegetation and can have !ong-term effects.

The concentration at which minor physiological effects begin is gen-

erally taken to be 4 Ug/cm2 for agent VX (2). For years, the maximi

acceptable concentration for CB was set at 1.25 jg/• 2 (I), and a sim

ilar value was assred for thickened GD (Z). However, tests conducted

in 1977 indicate that zoncentrations of GB as high as 4 to 5 :!g=2 pre-

clude physiological effects, and 10 dg/= 2 can be used as the break point

cor GB if a slight cholinesterase desvression can be tolerated ( 3).

P•,R)-• C,). 7q 2.2 "€0 al"C:•l"";• lal&e "&.,

/I

v7 S. I S(3) 1 "acs a+ ci.-N, R , cAi'ebv ra
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Blood agerts prtvent transfer of oxygen from the blood to the body

tissue. Death occurs as a result of interference w~ith the liver, kidneys

and lungs. Blood agents include hydrogen cyanide (AC) , cyanogen chlorý.de

(M) , and arsine (SA) . Blood agents must be disseminated as a gas. The-'

are absorbed into the body primarily by breathing, and have a short effec-

-i _________

tiveness durati on.- ~ Hydrogen cyanide may cause death w-tthin 15'

! inutes. Arsine, on the other han, my take anywhere from several hours

to several weeks to develop naxsmue effects. Lethal doses are s oarized

in Tables.
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Choking agents can be characterized in general terms as halogenated

compounds of a type that readily hydrolize in the presence of moisture

in the resoiratory system to form hydrochloric acid, thus irritating and

inflaming the nose and throat membranes causing swelling. 'he lungs fill

with fluid. Death occurs from lack of oxygen. Lethal doses are given in

- Table i. --xanples of such agents ar. phosgene (CC) and diphosgene (DP).

?hosgene was used extensively in World War I. At least 80 percent of the

chemical agent fatalities in this war were caused by phosgene. It has a

low persistence rating. A delay of three or four hours will typically
occur between exposure and the onset of disabling symptoms for the concen-

trations expected on the battlefield. Most deaths will occur within 24

hours. The choking agents must be disseminated as gases to be effective

since they enter the body primarily through the respiratory system.

g
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TAB3L I. CHE.tCAL AGENT LE7.AL DXSES

I•Exposure .hadian Lethxl Dosage

SAgen Conditocns

Bliscer A~ernts

0 HD distilled .-uscard Inhalation 1,500
Skin absor-t~io 10.000

' --'-3 nitrogen --ustard Inhalation 1,500
Skin absor-pticm 10,000 (est)

9 L lewisi:e Inhalation 1,200-1,500
SkiLn absor-ption 100,000

e_-.ve Agents

* CA tabu= I-fhalation (resting) 400

C C3'sarin inhalation (restjig) 100
(--41d activity) 70

: G) sonaz InŽalation (resting) C'3-GA range

SB 3lood Aent:s

• AC hydrogen cyanide Inhalat ion 'ide variatijm w-i:h
cotcezn-tzion y

Z,mo f- 'r 200 n/3
4,500 fore 150) zgln

* Q cyanogen c.hlo.ide I-halatioz 11,000

* SA arsine inhaLation 5,000

Chokizz Agents

* C^ .hcsgene Lnhalation 3,200

O 0? diphosgene Inhala:-.on 3,200
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SOUTHWEST RESEARCH INSTITUTE
SAN ANTONIO, TEXAS

MUNITIONS STORAGE CONCEPTS FOR USE IN FLAT TERRAIN
FACILITY CONCEPTS

INTRODUCTION

This facility concepts study has been prepared under a subcontract agreement
with Southwest Research Institute in conjunction with their project to develop
munitions storage concepts for use in flat terrain for the Department of the
Army, Construction Engineering Research Laooratory at Champaign, Illinois.

The diagrams, descriptive narratives and othvr information contained in this
report present six conceptual solutions for a weapons storage facility in flat
terrain based on criteria and guidelines provided by Southwest Research
Institute, including blast waUl design data and chemical hazard control
measures. Close coordination Detween the Southwest Research Institute and
Bernard Johnson Incorporated project teams has been maintained to evaluate all
conceptual solutions and ideas for feasibility of construction as well as for
functional and security requi-ements.

This report presents the six conceptual facility plans, as coordinated with the

Southwest Research project team. It includes, in addition to conceptual facility
diagrams, narrative descriptions of proposed building systems, budgetary
estimates of probable construction costs and a comparative analysis of the six
concepts.

It is intended that this conceptual study be preliminnry to and estc.blish a basis
for a definitive architectural/engineering design program.

The facility study focuses primarily on requirements established by Southwest
Research Institute during initial investigation of the criteria and project
requirements. Basic provisions of all concepts respond to requirements for
storage or warehousing of munitions, handling of the munitions within the
stor-ige facility, security of the storage facility from accidental or intended
damage or destruction and personnel safety.

Each concept was developed around four munitions storage bays or rooms, a
munitions msintenance/service room, control room, load out docks and
contamination conrol area. Appropriate provisions were then made for
circulation, support and utilities, Backup utility systems are included in all
concepts to permit continuation of operations should the primary system be lost
or fail.

There are no si'e related considerations included in this study since a definitive
site was not identified. Building site preparation and foundation provisions
were based on readily available information and previous experiences in
designing foundations for similar facilities in the Houston-Galveston, Texas
vicinity. It should be recognized that subsurface soil conditions may vary
widely within a given area.

___ __ ___ _ ___ __ ___ __ ___ __ ___ __ ___ __3-3__



Estimates of probable construction costs are based on readily available unit
costing factors for the type of facility described and adjusted with assumed
contingency factors based on current experience in Houston, Texas. Escalation
is not included in estimates since the schedule for starting construction is
unknown.

Both objectives and subjective factors were utilized in a comparative analysis
of six concepts to determine the most appropriate concepts for further
consideration.
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ARCHITECTURAL NARRATIVE

PART 1 - GENERAL

The six architectural concepts presented in this description
and in the drawings in Section One were developed from cri-
teria supplied by Southwest Research Institure and respond
to requirements identified for function, aec.r:t:', and safety.
Although a preliminary analysis of applicable -!iding, life
safety and fire codes was conducted, compliance with theze
code reqairements has been %aived by direction from the
principal investigator for Southwest Research Institute
in favor of more rigid requirements f'r- security and func-
tional capability.

PART 2 - CONCEPTS

2.1 BASIC REQUIREMENTS

A. Each of the six (6) concepts developed Included the
basic requirements for weapons storage bays
or ro-ms, a weapons maintenance room, a control room,
mechanical/electrical room(s), loading dock(s), and
air-lock or vestibule, a concamination t.ontrol (change)
area and circulation corrilor.

B. Besic material handling requirements for all concepts
include a two-ton capacity overnead bridge crane in
the weapons maintenance room and a battery powered fork
lift truck for general handling and transport of weapons
units within the facility. Dock levellers are required
at each loading dock position.

2.2 CONCEPT NO. 1

A. Space Requirements: Concept No. 1 consists of a total
gross area of 36,357 SF, with a net area of 18,050 SF.
Functional areas within the facility are: Weapons Storage
Rooms (four at 2,520 SF each); Control Room (500 SF);
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area
(2,108 SF); Contamin;tion Control Arca (1,500 SF); Fork-
lift Charging Area (62L SF); Mechanlcal/Electrical Areas
(two at a total of 5,768 SF); Vestibule (625 SF); Cor-
ridor (3,525 SF); and two Covered Docking Areas (3,069
SF total).

B. Materials Systems

1. Walls: The structure consists of specially reinforced
waterproofed concrete walls, designed to withstand
and contain an accidental explosion with no structural
damage to the facility. Explosions occurring in

3-20



the Weapons Storage Rooms or Maintenance Area will
be contained within that respeotive space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

3. Floors: Floors in all areas will be hardened, rein-
forced concrete.

4. Ceilings: Ceilings in all areas will be reinforced
concrete.

5. Doors and Windows: A wire-glass glazed window in
a hollow-metal frame will be located between the
Control Room and Corridor. All Weapons Storage
Rooms and the Maintenance Area will have 7' X 9'
blast doors. Persornel doors will be 3' X 7' hollow
metal doors. Areas requiring forklift access will
have sliding metal doors, except at the Contamination
Control Area, where swinging metal doors will oe
used.

Exterior doors will be sliding metal doors, resistant
to blast and forcible entry.

6. Finishes: All interior concrete walls and ceilings
shall be painted with alkyd enamel paint and primer.

All interior concrete floors shall be exposed hardened
concrete.

Metal doors and frames shall be painted with enamel
= paint over factory primer.

Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint and primer.

2.3 CONCEPT NO. 2

A. Space Requirements: Concept No. 2 consists of a total
gross area of 39,200 SF, with a net area of 20,095 SF.
Functional areas within the facility are: Weapons Storage
Rooms (four at 3,12'4 SF each); Control Room (500 SF);
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area
(1,800 SF); Contamination Control Area (1,500 SF); Fork-
lift Charging Area (624 SF); Mechanical/Electrical Rooms
(2 at a total of 5,513 SF); Vestibule (624 SF); Corridor

(4,038 SF); and two covered Docking Areas (3,007 SF
total) .
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B. Materials Systems

1. Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstaild and contain an accidental explosion with
no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Maintenance
Area will be contained within the respective space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

3. Floors: Floors in all areas will be hardened,, rein-
forced concrete.

4. Ceilings: Ceilings in all areas will be reinforced
concrete.

5. Doors and Windows: A wire-glass glazed window in
a hollow-metal frame will be located between the
Control Room ana Corridor. All weapons Storage
Rooms and the Maintenance Area will have 7' X 9'
blast doors. Personnel docrs shall be 3' X 7' hollow
metal doors. Areas requiring forklift access shall
have sliding metal doors, except at the Contamination
ContrA. Area, where swinging mstal doors will be
used.

Exterior doors wll be sliding n.etal doors, resistant
to blast and forcible entry.

6. Finishes: All interior -ýoncrete walls and. ceilings
shall be painted with alkyu enamel paint and primer.

All interior concrete floors snall be exposed, hard-
ened concrete.

Metal doors and frames shall be painted with enamel
paint over factory primer.

Industrial machinery, equipment and piping shall
be painted wiih linseed alkyd-resin paint and primer.

7. Handling Equipment: Two.-ton bridge cranes are also
required in each of weapons storage rooms.

2.4 CONCEPT NO. 3

A. Space Requirements: Concept No. 3 consists of a total
gross area of 43,775 SF, with a net area of 17,538 SF.
Functional areas within the facility are: Weapons Storage
Rcoms (four at 2,520 SF each); Control Room (500 SF);
Toilets (102 SF); Lunch Room (168 SF); M-intenance Area

3-22____________ _______________________________________I,
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(2,520 SF); Contamination Control Area (1,500 SF); Fork-
lift Charging Area (600 SF); Mechanical/Electrical Areas
(three at a total of 4,710 SF); two Vestibules (2,000
SF total); Corridor (5,500 SF); Lifts (two at 725 SF
each); and two Covered Docking Areas (2,170 SF total).

B. Materials Systems

1. Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with
no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Maintenace
Area will be contained within that respective space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

3. Floors: Floors in all areas will be hardened, rej.i-
forced concrete.

4. Ceilings: Ceilings in all areas will be reinforced
concrete.

5. Doors and Windows: A wire-glass glazed window in
a hollow-metal frame will be located between the
Control Room and Corridor. All Weapons Storage
Rooms and the Maintenance Area will have 7' X 9'
blast doors. Personnel doors shall be 3' X 7' hollow
metal doors. Areas requiring forklift access shall
have sliding metal doors, except at the Contamination
Control Area, where swinging metal doors will be
used.

Exterior doors will be sliding metal doors, resistant
to blast and forcible entry.

6. Finishes: All interior concrete walls and ceilings
shall be painted with alkyd enamel paint and primer.

All interior concrete floors shall be exposed, hard-
ened concrete.

Metal doors and frames shall be painted with enamel
paint over factory primer.

Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint and primer.

2.5 CONCEPT NO. 14

A. Space Requirements: Concept No. 4 consists of a total
gross area of 48,1C0 SF, with a net area of 27,438 SF.

3-23L.N-



Functional areas within the facility are: Weapcns Storage
Rooms (four at 3,266 SF each); Control Room (600 SF);
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area
(2,208 SF); Contamination Control Area (1,500 SF); Fork-
lift Charging Area (728 SF); Mechanical/Electrical Areas
(two at a total of 4,661 SF); Vestibule (750 SF); Corridor
(8,150 SF); Rnd two Covered Docking Areas (9,170 SF
total). Bridge cranes will be required in the four
Weapons Storage Rooms and a 2-ton hoist shall be required
in the Maintenance Area.

B. Materials Systems

1. Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with
no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Maintenance
Area will be contained within that respective space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

3. Floors:' Floors in all areas will be hardened, rein-
forced concrete.

4. Ceilings: Ceilings in all areas will be reinforced
concrete. 4

5. Doors and Windows: Wire-glass glazed windows in
a hollow metal frame will be located between the
Control Room and Corridor. All Weapons Storage
Rooms and the Maintenance Area will haave 7' X 9'
blast doors. Personnel doors shall be 3' X 7' hollow
metal doors. Areas requiring forklift access shall
be sliding metal doors, except at the Contamination
Control Area, where swinging metal doors shall be
used.

Exterior coors will be sliding metal doors, resistant
to blast and forcible entry.

6. Finishes: All interior concrete walls and ceilings
shall be painted with alkyd enamel paint and primer.

All interior concrete floors shall be exposed, hard-
ened concrete.

Metal doors and frames shall be painted with enamel
paint over factory primer.

Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint and primer.
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2.6 CCNCEPT NO. 5

A. Space Requirements: Concept N-. 5 consists of a total
gross area of 44,020 SF, with a net area of 25,814 SF.
Functional areas within the facility are: Weapons Storage
Rooms (four at 4,800 SF each); Control Room (500 SF);
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area
(1,998 SF); Contamination Contcol Area (1,500 SF); Fork-
lift Charging Area (648 SF); Mechanical/Electrical Areas
(three at a total of 5,060 SF); Vestibule (500 SF);
Corridor (3,978 SF); two Covered Docking A'eas (1,800
SF total); and two lifts (62t SF each).

B. Materials Systems

1. Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with
no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Maintenance
Area will be contained within that respective space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

2. Floors: Floors in all areas will be hardened, rein-
forced concrete.

4. Ceilings: Ceilings in all areas will be reinforced
concrete.

5. Doors and Windows: A wiro-Flass glazed window in
a hollow-metal frame will be located bei~ern the
Control Room and Corridor. All Weapons Storage
Rooms and the Maintenance Area will have 7' X 9'
blast doors. Personnel doors shall be 3' X 7' hollow
metal doors. Areas requiring forklift access shall
have sliding metal doors, except at the Contamination
Control Area, where swinging metal doors shall be
used.

Exterior doors shall be sliding metal doors, resistant
to blast and forcible entry.

6. Finishes: All interior concrete walls and ceilings
shall be painted with alkyd enamel paint and primer.

All interior concrete floors shall be exposed, hard-
ened concrete.

Metal doors and frames shall be painted with enamel
paint over factory priner.
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Industrial machinery, equipment and piping shallI
be painted with linseed alkyd-resin paint ar.d pre.

2.7 CONCEPT No. 6

A. Space Requirements: Concept No. A rinsists of a total
gross ara-a of 49,137 2iF, with a3 -et area of 25,404 SF.
Functional area's witni:n the facility are: 'Weapons Sltorage
Rooms (four at P,800 SF eah;Control Room (500 SF);
Toilets (102 SF); Lunch Rocn (168 SF); Maintenance Area
(11,600 SF); Contaminatior. Con~trol. Area (1,5(-) SF'); FcrK-
lift Charging Area (S7'6 SF); Mlechanical/Electrical Areas
(thr~ee at a total ýf ¾,ý763 SF); Vý.-tibule (650 SF);;
Corridor (6,221 SF); Lift (6,ý5 SF); and two Covered
Docking Areas (1,860 SF tota-j.

3. Mater i.:l Systems

1. Wa 11s: The structure consists of' speci'allyi rei 'n-
forced, waterproofed concrete walls, de~sigrned to
withstand and contain an accidental explr)ilon with
no 3tructural dama.ýe to the facility. Explosions
occ rring in the k~apon3 Storage Rooms or Maintenar'e.
Area -ill be contained vi'hin that respective space.

2. Roof: The roof will b- reinforced concrete with
an elastic waýer.-.roofing membrane and protection
board.

3. Floors: Floors in all areas will be hardened, rein-
forced concrete.

4. Ce ilIinrgs.: Ceilings in a.1 areas will be reinforced'
concrete.

-I5. Dloors arnd Windows: A wire-glass glazed window in
a hollow-metal frame will be located between the
Control Room and Co-ridor. All Weapons Storage
~Rooms _,nd the Mi~intenance A-a will have 7' X 9'
blast drrirs. Personnel Oorimr shall be 3' X 7' hollow
metal doo.-3. Areas reu i-J,.z forklift access shall
have sliding meta-l Aor's, except at the Contamination
Control Area. where -,wi-g ng metal dours shall be
'--ed.

Extorior doors Taibe slid'ng metal doors, resistant
to blast arid forcibit entry

6. Finishes: All interior conr~oci rzll and ceilings
shall be painted with alkyd enamc;l ?ainr and primer.

Ail interior concrete flocrs shall be exposed, hard-
ened concrete.
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Metal doors and frames shall beý painted with en-mel
paint. over f0aotory primner.

Industrial rn~ohinery, equipment and piping nhill
t~e raint.ed with linnP,'i alkyd-res in paint an. primer.
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STRUCTURAL NARRATIVE

PART I - GENERAL

1.1 BASIC CHARACTERISTICS

Of the six concepts presented, there are four variations
in location of the structures relative to the ground surface,
as follows:

A. Concepts No. I and No. 2 are single story bjildings
with the finish floor located approximately at grade
level. The perimoter walls are surrounded Dy an earthen
berm covered with concrete. A shallow concrete covered
earth fill covers the building roof.

B. Concept No. 3 Js a two story building with the upper
floor level approximately it grade and the basiment
level fully below grade (partially b-.ried !.tructure).
Perimeter walls and roof are covered in thO same manner
as concepts No. 1 and No. 2.

C. Concepts No. 4 and No. 5 are single story tuildings
with the roof level approximately at grade and covered
by a deep earthen berm.

D. Concept No. 6 is a single story building with the roof

level located beneath deep earth fill.

1.2 SIMILAR STRUCTURAL SYSTEM.

A. The above concepts have construction similarities to
other structures not uncommon in the Houston-Galveston
area. Below grade sanitary structures, below grade
parking garages, basement levtls of multi-story buildings
and, of course, the Abandoned Coast Artillery gun emplace..
ment at Fort Crockett In Galveston a:e examples of struc-
tures with similar concepts.

PART 2 - SUPEOSTRUCTIIRE

2.1 BASIC REOUIRZMENTS

A. Because the huildings are designed to prevent forced
entry, resint shock loading either from external iourrei
or internal accidents and are to be either oarth covered
or ourled. the construction will te of reinforced concrete.

2.2 ROOFS

A. Roofs will be of heavy reinforced concrete constructlon
designed to iupport the earth covor and to resist the
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shock loading. It is anticipated that the roof thickness
will range from 3 ft. - 6 in. to 6 ft. depending on
the particular span; the roof slab will be reinforced
with two layers of steel bars in each direction, and
in addition, be reinforced with vertical stirrups for
the shear induced by the shock loading.

2.3 WALLS

A. Perimeter wall will be comprised of an interior wall
approximately 4 ft. thick, a 3 ft. plenum space and
a 2 ft. exterior wall. The exception is concept No.
4 in which both the supply and return plenum space are
located above the ceiling of the corridor and part of
the weapons storage bays.

B. The portions of Interior perimeter wall at the weapons
storage bays and maintenance bays will be of laced rein-
forced concrete construction; these walls could be sub-
jected to The overpressures from an 'i. E. accident.
The remaining portions of the perimeter wall will not
require lacing.

C. The exterior perimeter wall and the dock and ramp walls
will oe of Qonventional (not laced) reinforced concrete
construction.

D. The int'erior load bearing walls at the weapons storage
and maintenance bays will be of laced reinforced corncrete
construction; other Interior walls will be conventional
(not laced) reinforced concrete construction.

2.4 FLOORS

A. Concepo No. 3, which is two story, will have a iaced
Sreinforced concrete floor at the upper level; this floor

is the ceiltng of the weapons storage bays.

PART 3 - FOUNDATIONS

"3.1 GEOTECHNICAL ASSUMFTIONS

A. Specific reccmmendations regarding foundation design
would come as a re~ult of a geot-chninal investiqation
based on sampling and testing of soi. materials at the
site or sites selected.

P, Surface and subsurface materials in tht Hcuston-Galveston
area are prodominately clay although the materill in
the immediate vicinity or the coast becomes predominately
sandy. The strength of these materials varies throkighout
tle area; ror example, bearing capacities for footings
fornded at a ten foot depth can range rrom 2.500 to
5,000 pounds per square root or more. If the nurface
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materials are very noor, they can be stabilized with
hydrated !i-ne in order to pr'ovide a better sbfd

f)r -.labs at grade and pavenents. Subsurface material.
can be improved with lime injection.

3.2 CON7EPT NO. I AND NO. 2 (AT GRADE STRUCTUPES)

A. Floor Slab: Sin-e the perimeter wails and many of the
interior walls ir, sub Wct to shock loading, a heavy
mat type reinforced concrete floor slab will be used
to transfer the loads and stresses from these walls.
The flat will be approximately eaual in thickness to
the perimeter wall ard will be reinforced with two layers
of reinforcing steel in each dirention.

B. MV. type floor slabs in the coastal vicinitles may r~qu!re
piling if the sandy naterlals do not provide adequate
support for a slab on grade.

C. The slabs at the loaeinq dock and ramps will h• & ti
8 in. thick ska, on grade.

D. Both perimeter walls and interior walls are nub'c'e
to extremely high axial loading inposed ty the reof
and the ieight of the wall itself. Theze loads wiz

ne resisted by piling, either augered or driven, dependInq
on tho specific geotechnical recommendattons.

-.3 CONCEPT NO. 3 THROUGH I (PARTIALLY OR FULLY BURIED STRUCT'PE2'

A. Floor flab (banoment floor only for Concept No. -:
in addltion to trinsf•rring shock loading (an! ta-df II
l)admng at the perimeter) from the walls, the mat I!•sl

also resists hydrostatic uplift pressures. Thee ,jplift
forces are counteracted by the dead weight of the struc-

ture plus the fill.

B. The 7nrtl fir-en acting throuch ;ails will be 1Istri-
buted to the rigid mat qlab through bending act n it
sites where *.e suusurfrace material has adequate te.rin.
calalcty. At siies whpre the subsurface material in
weak, riling will De used beqneath the walls -s required
to all the mat In resisting the vertical loads. At peri-
.:.eter walls, the nkin frictior. of the adjacent soi

wll1 also aid in resistirg the vcrti•ca lo adi.

3.4 BUCYANCY

A. The conceots presented have adequate wpight to resist
the hydronst.aI, upic1p forces with an arpr-r t- 4-1 "tv
f-c r. A final buoyancy check will be t:ed n e,1-)n
"ticn from a geotechnir • l invest4iticn and the .inal
leiign.
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3.5 WATERPROOFING

A. The structures will have exterior waterproofing of base
slabs, Wa3ls and roofs to prevent moisture from permeating
the concrete.

3



HEATING, VENTILATING AND
A:R C C,...ONING NARRATIVE

PART 1 - GENERAL

1.1 BASIC CRITERIA

A. ASHRAE Manuals: "Equipment", "Systems", "Fundamentals"
and "Applications".

B. NFPA 90A.

C. Standard Building Code.

1.2 DESIGN CONDITIONS

A. Outdoor Temperatures:

Summer: 95°FDB, 80°FWB
Winter: PSFDB

B. Indoor Temperatures:

Cooling Heating

Weapons Storage 8 0°FDB, 60% R.H.(max.) 65°FDB

Corridor, Control
Room, Maintenance, 0E,
Toilets, Lunch Room 75°FDB, 60% R.H.(max.) 72°FDB'

Mech'nlcal and
Electrical
Equipment Rooms 85°FDB 650

Contamination
Control Ventilation 65°FDB

C. Pressure Relationships (Related io Ambient Pressure)

Corridor -.30" w.g.
Dress Room .30" w.g.
Shower +.25"w g.
Undress Room 4,25" w.g.
Air Locks .. 20" w.g.
Vapor Hazard +.15" W.g.
Liquid Hazard +.10" w.g.

1.3 HVAC SYSTEM SCHEMATIC

A. The following page shows a schematic diagram of a heating
ventilating and air conditioning system for the facility.
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B. The diagram shows general system arrangement but not

necessarily the final design solution.

PART ? - AIR CONDITIONING AND VENTILATION SYSTEMS

2.1 SYSTEM A (AIR CONDITIONING)

A. System shall serve weapons bays, corridor, maintenance,
control room, toilets, lunch room and mechanical and
electrical equipment rooms. Air handling and refrig-
eration equipment shall be located in the mechanical
equipment room.

B. System shall be recirculating air type with sufficient
outside air to make-up exhaust from toilet and to provide
the requircd positive pressure inside the building.

C. The pienum above the corridor is enclosed on all fou-
sides by reinforced concrete construction. This area
shall be used as supply air duct to convey air to the
four weapons bays. A reinforced concrete plenum around
the outside building perimeter shall be used to return

air from the weapons bays.

D. Air shall be supplied to each bay through a HERA filter
mounted securely in the wall and open to thelceiling
supply air plenum. Air shall be returned from each
bay through a HEPA filter mounted securely in the wall
adjacent to the return air plenum. The purpose of the
HEPA filters is to prevent contaminated air from backing
up from one weapons bay to the cthers in the event of

an explosion.

E. Necessary dampers and controls shall be provlided to
maintain the indoor building pressure at thel required
positive pressure in relation to the outdoor: pressure.

F. Condenser cooling water for the refrig-rit"!n equipment
shall be supplied from the injection water well syotem
located in the mechanical equipment room.

2.2 SYSTEM B (AIR CCNDITIONING)

A. System shall be designed to remove the heat rejected
to the mechanical room by the emergency generator.
Air handling and refrigeration equipment shall be located
in the mechanical room with the emergency generator.

B. System shall be the 1001 recirculating air type with
no outside air connections.

C. System shall be interlocked with the emergency generator

so that it operates only when the emergency generator
is in operation.
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D. A combustion air fan shall be provided and shall be

interlocked to run when the generator is in operation.
Fan shall supply prefiltered and unconditioned outside
air to the mechanical room.

D. Condenser cooling water for the refrigeration equipment

shall be supplied from the injection water well system.

2.3 SYSTEM C (CONTAMINATION CONTROL AREA VENTILATION)

A. A ventilation system shall be provided for the contam-
ination control area.

B. System shall ventilate the area with 100% prefilt.ered
outside air.

C. System shall be equipped with supply fan exhaust fan,
dampers and automatic controls required to maintain
the required space pressure relationships in the various
spaces.

D. Heating shall be included to maintain the required space
temperature.

E. Blast dampers shall be provided in the exhaust air duct
which discharges air from the building. Discharge opening
shall be designed to prevent entrance by intruders and
to p,-event explosives from being placed into the opening.

2.4 SYSTEM D (OUSIDE AIR FILTRATION) W

A. Provide an outside air filtration systcm to supply pre-
filtered outside air for the contamination control area
ventilation system, main building air ,onditioning system
and emergency generator combustion air fan.

B. The intake duct extending out of the building shall
be equipped with a blast damper. Intake opening shall
be designed to prevent entrance by intruders and to
prevent explosives from being placed into the opening.

C. System shall include an outside air fan which intakes
outside air and discharges the air through a roughing
filter, HEPA filter and finally through a charcoal filter.

D. System shall be equipped with necessary controls to
automatically control the volume of air delivered by
the supply fan to compensate fcr increased fan static
due to dust loading of the filters.

PART 3 - DFSIGN CRITERIA RATIONAL

2.1 AIR CONDITIONING AND VENTILATION SYSTEMS

A. Comfort air conditioning is specified for the control
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room, maintenance, corridor, lunch room and toilets

to provide a comfortable working environment for the
operating personnel. Weapons bays and mechanical/electrical
rooms are also air conditioned.

B. Consideration was given to ventilating the weapons storage
bays and mechanical/electrical rooms with outside air
as opposed to air conditioning. A ventilation system
would require relatively large volumes of air be taken
in and exhausted from 'the building. This would require
much larger intake and exhaust openings and also a much
larger outside air filtration system. Large intake
and exhaust openings would be more difficult to secure
against intrusion and blast. Air conditioning of these
areas was selected as the most feasible alternative.

2.2 EMERGENCY GENERATOR AND REFRIGERATION EQUIPMENT HEAT REJECTION
SYSTEM

A. Consideration was given to the use o!' a remote air cooled
radiator for the emergency generator and remote air
cooled condensers for the refrigeration equipment.
The remote units would be located outdoors and subject
to damage by intruders. This was considered unacceptable.

9. Consideration was given to the same type system except
the emergency generator radiator and air cooled condensers
would be located within the blast resistant structure.
The air cooled radiator and air cooled condensers require
large volumes of air to carry away heat rejected from
the equipment. This would necessitate large openings
"for intake air and exhaust air. Large openings would'
be difficult to secure against intrusion and blast.
This arrangement was rejected as unacceptable.

C. The use of a cooling tower was also considered. Pumps

would circulate cooling tower water between the tower
ant the emergency generat'r and refrigeration equipment
heat. This type arrangement war considered unacceptable
for the sarre reasons as the air cooled heat exchanger
concept wa3 rejected.

D. An injection type water well system was selected as
the most dei rable means of removing heat rejected from
the emergency generator and refrigeration equipment.
A well pDU b would circulate water through the equipment

heat exhangers and then return the underground water
system. The well would also supply the domestic water ,
plumbinz system. The well equipment could be located
within the blast resistant structure arid inaccessible
to intruders. [I
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SPLUMBING AND FIRE PROTECTION NARRATIVE

PART 1 - GENERAL

1.1 BASIC CRITERIA

A. Standard Building Code.

9. NFPA 10

C. NFPA 13

1.2 BASIS OF DESIGN

A. Sanitary waste and vent system shall be designed on
the "Per Fixture Unit" basis.

B. Domestic cold water system shall be designed on the
"Per Fixture Unit" basis.

C. Domestic hot water system shall be designed on the "Per,
Fixture Unit" bazis.

D. Portable fire extinguishers shall comply with the require-
ments of NFPA-1O.

E. Fire sprinkler systems shall be designed in accordance
with NFPA-13.

1.3 OUTSIDE UTILITIES *

A. Fire water and sanitary sewer lines shall terminate
five feet outside of the building line.

B. Extending the utilities beyond the five foot line is
not included in the scope of this report.

PART 2 - SYSTEMS DESCRIPTION

"2.1 DOMESTIC WATER SYSTEMS

A. Domestic cold water shall be piped to all plumbing fixtures
including lavatories, water closets, urinals, service
sinks and hose outlets.

B. Hot water shall be supplied to lavatories and service
sinks. Hot water shall be supplied by electric water
heaters.

2.2 WATER WELL SYSTEM

A. An injection type w4ater well shall be provided with
sufficient capacity to supply the domestic water demand
and cooling water requirements of the emergency generator
and air conditioning system refrigeration equipment.
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B. Cooling water for the emergency generator and refrig-
eration cnopr-essors shall be pumped through heat exchangers
on the equipment and then returned to the ground.

2.- FIRE SPRINKLER SYSTEM

A. A wet pipe fire sprinkler system shall be provided for
all areas in the facility. The hazard classification
for t.%ý various occupancies will be determined during
the design phase. Water supply shall be from the main
base water system.

B. The need for high volume deluge system in the weapons
storage bays may be considered in the design phase.

2.4 FIRE EXTINGUISHERS

A. Hand held portable fire extinguishers shall be provided
in the main service corricor and in mechanical and elec-
trical equipment rooms.

B. Extinguishers shall be surface mounted on wall brackets.

2.5 SANITARY WASTE SYSTEM

A. A complete sanitary waste and vent system shall be extended
to all plumbing fixtures, equipment and flew drains
and connected to the sanitary sewer main.

*
B. Provide a duplex sewerage ejector with sufficient lift

to pump sewerage into the gravity sever.

C. All vent stacks shall be designed to be bomb proof.

- 2.6 COMPRESSED AIR SYSTEM

A. A compressed air piping system shall be provided to
serve thp fac;iity including pneunatic door operators,
pneumatic tool air outlets and air operated hoists.

B. A duplex air compressor shall be provided to supply
compressed air to the system.
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ELECTRICAL NARRATIVE

PART 1 - BASIC REQUIREMENTS

1.1 GENERAL

A. Electrical work shall conform wit.. the requirements
of the latest edition of the National Electrical Code,
Life Spfety Code,, and local codes and ordinances. In.
case of c, iflict, local codes and ordinances shall govern.

3. Materials aujd equipment shall conform to and be in accor-
dance wit!. the latest applicable standards of National
Electrical Manufacturers Association (NEMA), American
National Standards Institute (ANSI), and Insulated Cable
Engineers Association (ICEA) where standards have been
established for the specific items of materials 3nd
equipment. Where inspection categories have been estab-
listed by Underwriters Laboratories, materials and equip-
ment shall bear their label.

C. An EMR clean environment shall be provided in accordance
with DARCOM 385-100, 6-14.

PART 2 - ERVICE AND DISTRIBUTION

2.1 MUNITIONS STORiAGE

A. A new substation will be provided in the building.
Equipment shall consist of a power r!nter 300 KVA :ry
type transformer and bolted type air circuit breaker
substation for secondary distribution. System voltage
shall he 480 volts, 3 phase, 4 wire secondary.

B. The transformer will be supplied from a load break switch
located in the substation.

C. The primary service feed from the utility to the sub-
station will be installed in concrete encased conduit.
Cable will be fire proofed whenever exposed.

D. The transformer will be sized to provide 100% spare
capacity.

E. The substation ,ill su•l! power *o the parking lot
lighting.

F. The estimated total connected load for the substation
will be 157.5 KVA.

2.2 SECONDARY DISTRIBUTION

A. Secondary distribution within buildings will be at 480
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volts. Generally, HVAC systems will be served at 480
volts and the fluorescent lighting system at 120 or
277 volts.

B. Dry type transformers will be installed to provide 208/120
volt ser-ice for lighting convenience receptacles and
miscellaneous rquipment.

C. Secondary distribution, 480/277 and 208/120 volt systems
within buildings, will be wire in conduit and circuit
breaker panelboards.

D. Equipment used to distribute power to loads shnil be
480 volt, 3 phase, 3 wire motor control centers, 480
volt, 3 phase, 4 wire power panels and 208/120 volt,
3 phase, 4 wire ligh'tlng and receptacle pane'l. All
motor control centers power panels, dry type transformers
and lighting panels are to be located in separate rooms
for electrical equipment.

E. Ammeters, voltmeters and KWH-demand meters are to be
provided in aodit'on to itility metering.

PART 3 - LIGHTING S-STEMS

3.1 GENERAL

A. Lighting systems will conform to engineering practice

using standards from the Illuminating Engineers Sc cieity
handbook as guLdelines.

B. Systems will utilize energy efficient light -ourcen.
Lamp life and ease of maintenance will be given effective
consderation.

C. Roads, -irking, ind walks will be Illuminated to approx-
imately 0.5 footcandle on roads and 2.0 footcandle ot-
"parking and walk areas using high pressure sodium as
a light source.

0. Control room will be illuminated to approximately 75
maximum footcandlos using 2' x 4' fluorescent fixturas.
Fixtures will be switc:hed locally provIding a multiple
level of lightln. (3enerally. t';ree lamp fixturas will
be used with center lamp and two outside lamps switchod
separately.

E. Maintenance will b- illuminat-d to a90roximatrly 90
oogtrcndlen 35jnn fuoresn'rnt rixtlr"s, Switched locIlly.

Mult'.-leval ligshtlng will bo 7roy'tded.

F. Warehouse ireas will be ill'u in-ed to approxinvaely
30 footcandls uising Class 1 'Gromp , Clas3 I1 I roup G.
Division 2 light source fixturos.
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G. Gen e.-.l and miscellaneous areas will be considered on
an individual basis. Special attention and treatment
will be given to all areas.

H. Emergency lighting will be provided to insure safe egress
in case of power failure or under other emergency condi-
tions.

PART 4 - MAINTENANCE AND CONTROL

4.1 GENERAL

A. Ele trical services and outlets will be provided to
sertice maintenance equipment as required.

B. An emergency generator will be provided to service selected
areas and control equipmen!. in the event of power failure
or other emergency. Equip with diesel fuel day tank,
underground stwia, . tank, heat exchanger and engine
exhaust sytems.I

C. All systemi and equipment will be provided with grounding

conductors.

PART 5 - AUX LIARY SYSTEMS

5.1 GENERAL

A. Auxiliary systems will be provided complete for the 4

following:
1. Fir* alarm system.

2. Closed circuit T. V. surveilance system at control
room.

3. A low level distributed sound system, fully equalized
!will be provided for the building.

4. Computer terminal system will be provided.
5. Security monitoring will be provided through door

monitors, sound det.ctors, motion detectors as required.
6. Individual systems for sensing environmentally hozard-

ous chemicals.
7. Safety monitoring of storage rooms will be provided

with pressure monito,'s set for 5 psi.

0. An empty ccndu!t and pull )ox system only will be provided
foritelephcne systom.

C. Auxiliary systems will be connected to the emergency
generit)r system through a uninterruptable power supply.

3-42 1



PART 6 - LIGHTING PROTECTION AND STATIC GROUNDING

6.1 GENERAL

A. Lighting protection system in accordancw with DARCOM 385-
100 and NFPA 78 wtll be provided.

B. Static grounding system in accordance with DARCOM 385-
100 and NFPA 77 will be provided.

BS
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COMPARATIVE ANALYSIS

The following table presents a comparative rating of the six facility concepts
using six separate comparison factors. Three of the factors: efficiency, life
cycle cost and total cost are strictly objective, while the other three factors
are subjective, requiring judgement and knowledge of project objectives to apply
ratings. In order to minimize any tendencies for bias ratings, the BJI project
team applied the ratings independently and developed averages to arrive at a
single rating for each subjective factor. Explanations of rating factors fol-
low the table.

Based on total ratings for all factors and the rating scale, (lowest total equal
best rating), Concept No. 1 is the most favorable solution, Ccncept No. 3 is
second and Concept No. 4 is third.

COMPARATIVE RATING TABLE

RATING FACTORS CONCEPTS

No. I No. 2 No.3 No. 4 No. 5 No.6

Efficiency (Nct-to-Gross
Area Ratio) 5 4 6 2 1 3

Life Cycle Cost 1 4 2 3 5 6

Total Cost 1 2 3 5 4 6 a,
Function 1 5 2 3 6 4

Security 3 4 2 1 5 6

Safety 1 2 4 6 3 5

TOTALS 12 21 19 20 24 30

Rating Scale: Highest = 1; Moderate = 3-4; Poorest - 6

i. Efficiency is defined as the "net" assignable area In relation to the "gross"
space and is calculated by dividing the total net square feet by the total
gross square feet.

Efficiency net square feet
gross square feet

Net square feet (area)is the area assigned for facility oleration and in-
cludes circulation within a functional area, but not 'jutside of it. There-
fore, corridor and vestibule areas are exclude. Also, mechanical/electri-
cal space is excluded. Cross square feet (area) is the total area within
the building including structure, partitions, hallways, building support
areas (such as mechanical/electrical areas, plenums, etc.) aid toilets,
also including 50 percent of tie covered dock area.
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2. Life cycle cost includes the 25 year cost of maintaining and operating
the building and equipment.

3. Total cost includes the price for the facility construction including all
architectural, mechanical, electrical, plumbing and structural.

4. Function is based on how well the building plan meets the "program" cri-
teria. Irvolved in this analysis are considerations concerning building
configuration (Does the "plan" lead to spaces larger than program require-
ments?), and the need for special equipment or conveying systems (Does the
type of weapons storage or building configuration require additional cranes
or hoists in order to perfrom the facility's function?).

5. Security is determined by facility accessibility and internal control.

6. Safety is rated both for personnel egress and internal safety in case of
a hazard.

IS

II
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DESIGN DRAWINGS
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Plan and section drawings for the six baseline munition storage
facilities are contained in the envelope attached to this volume of the

report.
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DEPARTM.ENT Of ENER~GMTC SYSTEMS SHOt7 NO.

COMPUTATIPON SHEET .Lof:2

P~ojEcr mio.: -7L 70 ! ý - S"poft:o C _ ______________

SUBJECTý LISCU ~$-'0-
BY-:6 DATF: L=-C-PV 517-JL CECXED BY: - DATE CHECKED: 19__

AN: DES R~ rov j-=EC11o4 PFEX Z74A

R -!_ kr~o.r By-f
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SOUTMWEST RESEARCH WINSTTT1J11

PROJECT NO.: .- 7o 013 SPONSOR: elFv' L- -- -

SUBJECT:_____________________________ ___

SY: DATE: ~ZI~gXB .fL... C)4ECXED BY: _________ ATE CHECKED: is

7,-I

,.t IA I*

~A~po~r ~:i~~4!
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SOUTHWEST RESEARCH 4sSTfrLJTi

DFP.,kT)ANT OF f~fRGMC SYSTEM4S SNtET N.

COAMPTAT)ON SHEET

BY: __DATE__t9____ ______ SY: DATE CHECKED ZW -t9%
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SO)UTHWEST RESEARCH INSTITUTE
DEPARTMENT Of ENERGETIC SYSTEMS EET NO.

COMPUTATION SHEET

PROJECT NO.: Q - 7Q6' 7 SPONSOR: CAM -

SUB.JECT: X7L-
BY! DATE:_ 19 _ CHECKED BY:. , DATE CHECKED: _5R19 2

- ~ ~ b w -brm w- -- "--- WASW-

Z:S o._, ur, wb flh4C -lV4~I-J*4 LbAls. ~~r..1
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SOUTHWEST RESEARCH INSTITUlTE
DEPARTMEN4T Of ENERGETIC SYSTEMS SHEE NO

COMPUTATION SHEET L OF 'Ti

PROJECT NO.: ~- ~spomsom: C-'Eu. L

SUBJECT: IL. 7 t 1/AI
BY: D_________ ATE: 1___ 9- - CHECKED BY: 'l --, DATE CHECKED: ~~T

(U -~ ~ AH~i'Ju. P! cr'?- ov -
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SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS

COMPUTATION SHEET ___OF_

PRO.JECT NO.: -11 a SPONSOR: -L

SUBJECT: SL•'r ;AJALt• 5
BY: t. DATE:•% 19 1?'%- CHECKED BY: DATE CHECKED: 19

-EL -As~ v-s

s 4- l. 4--,3 I bs03O pj('-I,
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SOUTHWEST RESEARCH INSTJTUTE

DEPARTMENT OF ENERGETIC SYS-,Th4S SHEET NO.
COMPUTATKON SHEET .. OF

PROJECT NO.: -7o9 '2- SPONSOR: C
SUBJECT: FLý*-r" Ad

4
i• S ,,-

by: . .__OATE: 2 19 _____ CHECKEO BY: OATE CHECKED: _ S

-71 i D ,4.'

wiul o o,.? A o.,o 3S.
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SOUTHWEST RESEARCH INSTU

DEPARTMENT OF ENERGETIC SYSTEMS SHEETNO
COMPUTATION SHEET 30F_3 _

PROJECTNO.: tY -"7•' SPONSOR: CEK L

BY: , S DATE: SLIIW ._II CHECKED BY: DATE CHECXEO: - ,9

a - -s,ý4a 0 k' ioacis 3e-+e-rm'neA LA54 4Ao;1v v%
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SUTHWEST RESEARCH INSITrUTE

DEPARTMENT OF ENERGETKC SYSTEMS SHEET NO.

COMPUrTArON SHEET _ _or ý

PROJECTNO.: ___ ______________SPONSOR: 12___ _ _ __ _ _ __ _ _SUBJECT: ,." • ,5- ,••.

BY: ________ DATE: 19$ i ~ CHECKED BY: ________DATE CHECKED: 19-4

5 'S
992t

o-7
13W 4. tý- 50.-
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SOUTHWEST RESEARCH WNSTITUTIE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUT•.TON SHEET OF

PROJECT NO - 5 -- - SPONSOR: __- _____....

SU-ECT- &-- r- - N p
BY: DATE: ZjI CHECKED BY: ER- OAT! CHE-CKED: Qq'! 19 ;i

WEAPONS STORAGE
40*-0" X 120'-0'

WEAPONS STORAGE

40'-0* X 120*-0"

-T 7

DIVID!NG WALL jL
WEAPONS STORAGE WALL B

40- * X 120'-0 ' WALL C

WEAPONS STORAGE WL
40'-0' X 120'-o" WLLC'

WEAPNS SORAG --- -- •-----------• -i
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SOUTHWEST RESEARCH INSTTTUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.L

COMPUTATION SHEET Ol

PVOJECT NO,: d 2- - SOR: C -9L

BY: _ _ _ _ _ DATE: 19 C H CKEO BY: 0. ECKEO_ 9

•.•-- i r~.r'U T PAA',--TE S.l

CHAA.E EICr =186. 40 LB
•E•PEtIIC'JLt ST'NI•P =7. 00 FT

PLATE LE*,CTH. )(TOT = 7. 00 FT
PLATE wIDTH, YTOT = 12. 00 PT

CHA;;GE P0C1TIO-4 1N PLANE PAPALLEL TO PLATE

LENI,,TH•.IBE DISTANCE FROM LOWER
LEFT PLATE CORNER, XC = 3. 50 FT

tIjT.'_ICE . DISTAN.CE FROM LOW4ER

LEFT PLATE CORNER, YC = 0 00 FT
4.'

C t"P LIT"

A..EPA-RE PRESSURE = 0. 2099E+04 PSI

TOTAL FORCE 0N L4'.LL = 0 253qE-08 LB
TOTAL APPLIED I"P , = 0U- 4694E+04 LB-SEC

AVERAGE O:ECIFIC It'PVLSE = o 39 PSI-SEC

- -- 1. 7 ! =" -

Lp53

LI
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SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OP ENERGEM:C SYSTEMS SHEET_.O-

COMPUTATION SHEET 7O

PROJECT NO.: 9 -SPOSOR- : _ ___._ _ _
SUBJECT!: / L-f- .- L V '
BY: ,, i' S DATE: 1 79 • - CHECKED BY: DATE CHECKED: _ IS

4AI-L E <6 er J
1

"INPUT' PARAM'_ETERS:

CHAPOE WEIGHT = 1i8 40 LB
PE ;PEEOICULAR STANDFCF = 3. 50 FT
PLATE LE:4,TH, XTOT = 12. 00 FT
PLATE W.IDTH, .YrOT = 12. 00 FT

CHARC. POSITION IN PLANE PARALLEL TO PLATE

LENCTHWISE DISTANCE FROM LOWER
LEFT PLATE CORNER, XC = 6. 00 FT

WIDTHWISE DISTANCE FROM LCMER
LEFT PLATE C.RNER, YC = 0. 00 FT

OUTPUT.

AVERAGE PRESSURE = 0. 230E'+04 PSI

TOTAL FCRCE ON W4ALL = 0. 4830E+08 LB
TOTAL APPLIED IrFUL.SE = 0. 8576E+04 LB-SEC

AVE4AOE SPECIFIC ITIPULSE 0. 41 PSI-SEC

I;
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SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT Of ENERGETnC SYSTEMS SHEET No

COMPUTATION SHEET OF..L

PnOJECT NO.: ) -" c;L-- SPONSOR: C -- ,L..

SUBJECT: P PJA-.-- t . I
___. ____ DATE: _. C_._ ECKEO BY: DATE CHECKED: 19

WALL C - L fý,,•

ItrDUT PARAMETERSi

CHARG!E WEIGHT = 188. 40 LB
PERPENDICULAR STANDO-F F 33. 00 FT

, PLATE LENO;TH, XTOT 7. 00 FT
PLATE 'WIDTH, YTOT 13.00 FT

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LENGTH,41SE DISTANICE FROM LOWER
LEFT PLATE CORNER, XC = 3. 50 FT

WIDTHWISE DISTANCE FROM LOWER
LEFT PLATE CCRNER, YC = 0. 00 FT

CUTPUT:

AVEPOE PRESSURE 0 4500E+02 PSI

TOTAL FORCE 04 WALL 0 0. 5e97E+06 LP
TOTAL APPLIED IMPULSE = 0. 1795E-w04 LB-SEC

AVERAGE 5ECIFIC IMPULSE 0. 14 PSI-SEC

7 9I

k 6' ¶

5-t,1.



SOUTHWEST RESEARCH m*s~utf1h

DEPARTMENT OF ENERGETIC SYSTEMS HrNj
COMPUTATION SHEET r ET, _ýI

PROJECT No.: cc~ - ~ds~~
SURJECT: FAS ApIj P,______If______t_________S

By- 4 ZSOATE ,ý_ýqb CHECKEDBfY: _________DATE CHECKED: ____19

C E IL I~ ,' Lon! )

ItP~UT PARAIýETEP.S:

C-A4PGE L-EIGHr I ee 40 LB
FI- ER PE-4ol JL4. ST! =j.; 12, 00 FT

PLTEL,'',T, 7T 7. 00 FT
PL.ATE 'J1DTI1. YTOT = 0. 00 FT

C-P' PCýITIGN iN PLANE P4;;ALLEL. TO PLATE

DEI!ST,'A:-E FPO:li LO-'ER
LEFT PLATE CCRNER, XC = 3. 50 FT

tlJIOTF4ISE DISTAN4CE FROM LOý-ER
LErT PLATE CCRNER. YC = 7 00 FT

CjrPUT.

"A.ERACE FRESý;UFRE = 0. 47.E-+03 PSI

TOT AL FCR:?E ON Wl.!.LL = C 11?20E+09 La

TOTAL APJ7L~IECIPUc&SE _0 9602E+04 LB-SEC

AVE.: -_. __3___ri 1M z 24 1 PI SEC

1-42



SOJThWEtST PtFESAACH WSMUTrTJ

DEPARTUEPNT OF BEN"UM1 SYSTOJdS SMUET No.

COOAPtTAT*ON SHEET O

"PROJCT NO.: -7 S"poE"s& ,

SUsJECT.-3~sr A.
By! -~ DATE; ' 1* ij ChiCKIO BY- ________!ATEO4EcraEDr: 9~

3fr At ~ ~

P-e IZ

/rZ 445

-4 7 '7 __
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SO'JTHWEST RESE.ARCH t*STITUTE

DEPAARTMENT OF ENERGETIC S'r STEMS SHEET NO.

COMIPUTATIONd SHUFT I/ OF. -471 1

"PsOuJECT NO .. e-1 c. SPNSR

SU.JECT. #A-5,Y
lV : DATE: Sw Ž.... CHECKED BY: _ _____ DATE CHECKED: - 19 -..

7X9 DOOR -

. INPUT PARVAMLTERS:

CHARGE WEIQHT , 188. 40 LB
PERPENDICULAR STANDOFF - 11. 50 FT
PLATE LENGTH, XTOT = 7.00 FT
PLATE WIDTH. YTOT , 9.00 FT

CHAROE POSITION IN PLANE PARALLEL TO PLATE

LENGTHWISE DISTANCE FROM
PLATE CORNER, XC - 28. 00 FT

WIDTHWISE DISTANCE FROM
PLATE CORNER, YC 0. 00 FT

OUTPUT:

TOTAL APPLIED IMPULSE 0 0. 1176E+04 LB-SEC

AVERAGE SPECIFIC NmPULSE 0 0. 13 PSI-SEC

I 00
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SOUITHWEST RESEARCH INSTITUTI

flPAP ;;4ENT Of ENERGETIC SYSTEMS SHEET NO.J

CCOMP"ATION SHEET O.... _- -

BY: P- OATE i-4 19.•---- CSECYEO DY _ATE CHECKED 19

SOP;

J000 19

_ _ I)$ c
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SOUTHWEST RESEARCH fNSTTUT I

DEPARTMENT OF ENFRGETIC S'STEMS SHEET NO.J

COMPUTATION SHEET

PROJECT NO.: . -"9 SPONSOR:

SUBJECT: ct p I. -r~. a,~ 1 -5 - - '

BY: ________-- _DATE: 241dr& f L.. CHECKED SY: / DATE CHECKED: aq.---ý $ 1.9

__ __ __L_ _ _

WEAPONS S7ORAGE WEAPONS STOAAGE
-- 44'-0* 44'*0".

SDIVIDING WALL L1
--- WALL 8 1

COROOR WALL A "1O
DOCK

-- CONTROL
ROOM

20'-0C x

" - 3'- 0

SWEAPONS ST•ORAGE J

S44'-C"
MAINTENANCE

4S'-0" X 40*-0° 4 ,



SOUTHWEST RESEARCH INSTITUTE

* DEPARTM~ENT OF ENERGE7IC SYSTEMS SHEET NO,

COMPUrtATICN SHEET LCF-ný

* PROJECT NO.: VI '9 -SONSOR: ý- ý
*SUBJECT: 3 1.'-

BY: _________ ATEý 31- ýe 19 9,i__ CHECKED BY: _ _______DATE CHECKED: 19 i

r- 8 50 FT__

PL -PAY7AI 0TC, P

F- EL 1 ' 7H YTnT =25 00 FT

K ~ ~ ~ ~ I i -- CEPCiI~ L4N.E PAPALLEL TO PLATE

*LF-7 PLATE "CCREP, X" = 4 00 FT
w!:T4ISEDISTAN4CE ýýPO1 LOý-'E*

:-:;7 PLATE CC:R'ER YC = 0 00 FT

L11e-Tf;E PE~SSYE = 0 957ZE403 PSI

* ý17;AL 70PCE ON' W4LL = 0 246qE+OCI LZ

7T7'AL 4PPLIED IPSE0 e292E+04 LE-SEC

4.'AE 'EC1;C1 IýIPU'-E 0 27 PSI-SEC



SOUTH4WEST RESEARCH ISTrrUTt
DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO0.

PROJECT NO.: ___________ SPONSOR: K L

SY: Nq ~s DATE: Zr 191..... CHECKED 16Y: _________DATE CHECKED'. 32.81.9 %3ý

irPrP4QL"S~TEPS:

t -E1IGHT 198 40 LB
P ?EPPE1,10CULt.P ST~4NL)C=F 4. 00 FT

P. L4CT~X TOT 17. 00 FT
A7 i~lUTH. Y70T 2 5. 00 FT

:;4;;OE POSITION IN PL4I.- PARALL=EL TO PLATE

LE.%-rP4I.'EE DISTANCE FRCr" LOWER
LEFT PLATE CCRNER, XC - e. 50 FT

Ik-4 DI'STAfCE FROM LOWEP
LEFqT PLATE CORNER, YC - 12 50 FT

4'EAEPRESSUPE IS127E*04 PSI

TCTAL APPLIED IrlPU;-E - 0 &'046E+05 LB-SEC

Al.v A*4fE ECIFIC VI0 LJE 0 1-3 PSI-SEC
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SOUTHWEST RESEARCH iNSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET

COMPUTATION SHEET OF

PROJECTNO.: ' - 109- S NSO": _ .__-_

susiECT: 7-A-, -~45!
BY: _________ _ D ATE: "- 19 ~'7;- CHECKED S Y: .~ . DATE CHEC.KED:____1 L

Q e-- r IS. L-A- r e- Cy) a

• -- -' - o_+ -7 Sws & t

n , 94.1- j oe r

/

ilk

9 4.)

I 0,3 50 cc-,c

5- 1j 51 ooP
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SOUTHWEST RESEARCH INSTITUTE
DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEFT '7 OF ,.

PROJECT NO.: . - 1o -.. SPONSOR: &C If L {
suS.JEcT: 3• ' s • ,.L-Y1,.'

8Y ."t DATE: 20 19 CHECX ED BY: DATE CHECKED: __ 19

DIVIDING WALL - •;-f-5

INPUT PARAMETERS:

CHARGE WEIGHT - 94.20 LB
PERPENDICULAR STANDOFF - 4.00 FT
PLATE LENGTH. XTOT - 5.00 FT
PLATE WIDTH. YTOT 5. 00 FT

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LENGTHWISE DISTANCE FROM
PLATE CORNER, XC - 2. 50 FT

WIDTHW:SE DISTANCE FROM
PLATE CORNER, YC - 1. 50 FT

OUTPUT:

TOTAL APPLIED IMPULSE 0 0. 234-E+04 LB-SEC

- I AVERAGE SPECIFIC IMPULSE " 0.65 PSI-SEC

- 5

S. . . . . . . . . . . . . . . . . . .
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__ I
SAUTHWEST RESEARCH JNSTmT2T|

DEPARTMENT OF ENERGETIC SYSTEMS SHEET N

COMPUTATION SHEET I. SF O

PROJECT NO.:. SPONSOR.

BY r AE j5, sS CHECKED By:;-le DATE CHECKED: iý-'-'19 .

CEILING - ,r •e

T .~T PAAT 5

C HZ, P 1 EE 1 t7, H T =19P 40 L2
"PE•FE;CULA STAP_-F = 25 00 FT
PLATE LE:J-TH, XTOT = 3 30 ;7T
PLATE WIDTH, YTOT = 44. 00 FT

"•ik CHARGE PC5ITION I11 PLANE PAPALLE'_ TO PLATE

LE43Th.4ISE DISTALJCE FPCM LCOER

LEFT PLATE CORNER, XC = 4. 00 FT
j T. . DST A E FROM L OEP

LE=T PLATE CCRNER, YC = 25 50 FT

OJT PuT 4

AYVEPAGE PRESSURE 0 7148E+02 PSI'

TT AL '-CRE7 ON WALL 0 2.520E-07 LB
TOTAL APPLIE . = 0 7lP4E-,0-E LE-SEC

AVERAg SPECIF=1C IMPULSE = 0 14 PSI -SEC

5-51 I
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SOUTHWEST RESEARCH INSTITUTE
DEPARTMENT OF ENER4-cMC SYSTEMS SHEETNO.

COMPUTATION SHEET I j-O '4

PROJECT NO.: C - SPON•0R: ___ _ __-_ _ _
SUBJECT: 4"-i *--1.~

SBY: ý 5 DATE: 11-4.1S; 1 CHECKED BY: -ATIECMECKEE•- L I

3 (a~ i4r 3P PAý 2-

BY: •.1 .,SO

,1 o

6 3

W*
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SOUTHWEST RESEARCH INSTITUTE

OEPAR rMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET ' _OF

PROJECT NO.: . . - c~ SPONSOR: r-' L _______________

SUBJECT: 8L 4 ,, ,S.

BY: N •-5 DATE: 1 19 _•__ CHECKED BY: DATE CHiECKED: 19

7X9 DO3R - F- ,

INPUT PARAMETERS:

CHARGE WEIGHT = 188. 40 L5
PERPENDICULAR STANDOFF 14. 00 PT

PLATE LENOTH, XTOT = 7. 00 FT
PLATE WIDTH, YTOT = 9. 00 FT

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LENGTHWISE DISTANCE FROM
PLATE CORNER, XC = 19. 50 FT

WIDTHWISE DISTANCE FROM I
PLATE CORNER, YC = -5. 00 FT

OU7PUT: a

TOTAL APPLIED IMPULSE = 0 1-42E+04 LB-SEC

AVERAGE SPECIFIC IMPULSE 0. 16 PSI-SEC

-,_

7

5-53-
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SOUTHWEST 41ESARCH INSTITrUTE
OFPARTMENT OP ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET

PROJECT"NO.: ,o - SPONSOR: C- _-L

SUBJECT: .. S "A-r A.Y4-YI-s

BY* k ' , DATE: i 19 52t CHECKED BY: OATE CHECKED: - 19

LAJ,,jI A o.s, ooool

* A 4I 3 P'70 0. coo 40

;I, ;k; 0. o.

,.7o , u- o . O.oo3015
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SOUTHWEST RESEARCH iNSTITUTE

D EPARTMENT OF ENEGETC S'ý'STIS SHEE' NO.

COMPUTATION SHEET OF f O 7

iPsOJECT NO: - X SPONSOR:

By ATE:l~~ 19..-t... CMECKEO BY____: DATE CHECKED:

WEAPONS STORAGE

'ENANCE DIVIDING WALL WALL A
x 46,-0, EPN 7RG

.JL ROOMj

j CONTROL AREA
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SOUT•WEST AESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEETNOJ

COMPUTATION SHEET PDF

PROJECTNO.: r 1 o SPONSOR: L
SU',ECT: 

3
,-•T- A.,.., -

eY: _______ DATE: !Rlf.( 19 1 R- CHECKEOSY: - .- _ DATECH_ _EO_, . ,

INPUT P4QAfAtTERS:

CHARGE W.iGHF = 1e8. 40 LB
PERPE;,OICULAR STANOOFF = 8. 50 FT

* PLATE LE,,'GTH, XTOT 8. 00 FT

PLATE 10IDTH, YTOT 2 20. 00 FT

CHARCE POSITION IN PLANE PARALLEL TO PLATE

LENCThWiISE DISTAr4CE FROM LOWER
LEFT PLATE CORNER, XC 4. 00 FT

WIDTHWISE DISTANCE FROM LOWER
LEFT PLATE CORNER,, YC = 0. 00 FT

CJTPUT:

AVEAGE- PRESSURE 0. 104c_+04 PSI

TOTAL FORCE orN WALL = 0. 1410E-08 LB

= I TOTAL APPLIED IMP-iESE = 0. 7431E÷04 LB-SEC

Av,'A.. SPECIFIC IimPJLLSE = 0. 32 PSI-SEC

A5-5
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-OUTHWEST RESEARCH fkSfTh7U- -

"C;,AATN4NT OF ENERGETIC SYSTEMS SHEET NO
COMFIUTAT)ON S.4(EF

PROJECT W.: -SPO"Som: - 'L
SUfJE,- .. ______________________ A_____

PERP7*-0ICl:ýLA; STANJIOGF 4 OC FT
P, ATE~ H XTOT -17 00 PT

PLATE ~JDHYTOT - 000 FT

CH;;GE PGC31 II0!4 IN PLANE "'APALLEL TO P'LAT-

LE2NITfr,8IEEDTIC FRCý' LCý,CP
LEPT P.-ATE CORNE9 Xc . 50 FT

WI~DIST4'ICE FROM LC',-;
LEI`T PLATE COREP. YC . 0 00 1

0UT~u0

TOT-AL APPLIE0 G * 012sE~5

AYA~ ~~c~F~WPULsE* 0 2



-- Now

OffAPTMENT OF ffNNGWTtC S'VSTSMS SM4UT *
(.OMP¶flATIOP4 SHEET '

MAOJC? NO.: __ 7 _____ SPOP4SOM L__ ______

iv__________OATI. jZ± -'It.I~ CMICK 10 Y ____ ATI CN*CKJO tt
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SOQT1'WIST RESEA5CH INSTITUTE
r0PARTMENT Of EWfAGETIC SYSTEMS SETNO.

1

CCMPVTkT)ON S,4ft? -2 iý-OfL

POfTNO, S " Žo

By O AT[ It ~ s CH*C~tio sy ______ OArS C~fCEkO

PLATE WIDTH,~ YtCT -4. 00 P T

4-CHAP.,E PC-170ý4 IN PLAI PAPALLEL TO F-I ATE

IýU7 LAE COONER. XC ,' 4 00 FT
~ ~EFOOM LCOEP

Lcr;T PLATE CCPNEP, 'yr - '7 150 rT

T 7A L F'~ 7- JAL * 0 ACE0'U
T74Lq! L~L 0..S -

Aq'



I COMPUTATION ItSHETrT Sn~r asf

PqtI No..CTN5 ,;L SPON~SOR: ~ - _ _ _

SUjfgjCTý J7,.A*--~

GS-: N R S CATE: 11 '2Sý CHECKED BY)%M DATE CHECKED: 97

IP,,3Ur P4QAýITERS

c-,AcE leer- 8 40 LB
PEPPE,.I)C'JLAR STMIN0QZF a13 00 FT
PL-ATE LE..ýTH- XTOT U7 00 FT
PLATE W[OTH, YTOT -9 00 FT

C,4APE PFCjITIC' IN PLAIE PARALL.EL TO PLATE

LEN-;H.41TIE DISTAt?-CE ;!O- L.OWER
LS=T PLATE CCqNER, AC a -10 CO FT

IJoDTý-.WSE DISTANCE CROM LOWER
LEFT PLATE CORNER, YC - 0,00 FT*

OUJTPUjT

VSAY.E~A PRESSQAE - 0 2677E,03 P31
T OTAL PCPCE CN WJ'L'.- 0 24Z'E+07 LS
Tý)TAL APPI'1D VIPILSE 0 17~qE*04 LD3-SEC

4'.7!'FAýtC' Er1F`C INIPýLSE 0 20 PSI-SEC

41r'f
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OEPARTMENT Of ENERGETIC SYSTEMS •LTNO.

COMPUTATION SO'UiLTu-.Z

P*WfaTNo.: -2 - 7.9SPONSOR:_____ ___________

SMUSECT: C6 I4 r+-c LA -''* f-_ _

By. D_________EATE: U.Sl 19 7 CNECKEO BY-OT M~X~: ~ Ž..

-o. C, .

030
00

C r

co'o

00
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SOUTHWEST RESEARCH INSTIrUTE

OEPARTMENT CF ENERGETIC S"STEMS SHEET NO.

CO04PUTATION S€i(T - OF O 4_.

rprX.Ec NO.: C 7- 2 -Z- SPONSOR: leL

BY__________ CATE: 1 'd--9Z-- CHECKED 8Y ________ Afl CHECKED:

WEAPONS WEAPONS

* STORAGE STORAGE

63'0* X 40'-0* 63-0' X e '

WALL C

i:J;~ING WALL 3CI

WALL V.~~WLL B

CORR0OOR

WEAPONS WEAPONS

STORAGE .... STORAGE ""-

63,-01 x 40,-^' 53*-,' X 40"-01

7. 4k



SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEST NO.

COMPUTATION SHEET 3._ OF_-

"OET O --~7~ (3SPONSOW L

By: O._ _ ATEr _.9 ,/1 HECKEs sBY: , ,_ _____..TCH VEO A9.

-W AJ AL L A j o, e A .

PAZ? ;.T PAc TER S

CHARGE WiQHT I FE'S 40 LB
P'9;PENG;IJCUL'z'P ST'NOC--F = 7. 00 FT
PLATE LE•CTH, XTOT 7 00 FT
PLA-E WID~TH, YTTt 0F

CHARGE PC-ITICN IN PLAI.E PARALLEL TO PLATE

LEN(;TH,.ISE DISTANJCE FRUI LOWER
LEý'T PLATE CCRNER, XC = 2 30 FT

WIDTHWISE DISTANCE FROM LOEER
LE.'T PLATE CCPNER, y, = 0 00 PT

ZUTPIUT

-. 'ERAE PRESSUPE 0 0 1304E-04 PSI

TOTAL FCR,'-E 0ý4 Wtt 0 27ýEP L?""" TOTAL APPLIED VIPULSE - 0 5-175E-04 t.B-SE.C

* AYER"CE SPECIFIC rMPI.;LSE = 0 3) PSI-SEC

-7 3-6

oI
X I I I I I I II I I I II



SOUTHWEST RESEARCH INSTITUTE

DEPA~RTMENT OF ENEqGETIC S ISTSP6S SHEET NO

COMPUTATION SHEET 2OF- '-4~

IROJECT NO.: -c7~- cNO L _____________

SUBjECT: 3i.A'2 IS _________________________________

BY: N D ATE: ISý± 199 CHECKED By ________ DATE CHECKED: 19

WJAIl 3~ A ..,I. - ~61- 5- ,

C-4A ~ ~ ~ ~ ie W40 8 o LB
PEE0ICJLA SA.\OCF =3 50 1`T

PLATE LE,4GTH, XTOT =8 00 cT

PLATE WIDTH, YTOT 9 00 rT

C'HA;;CcE PCE=ITIC;, 114 PLANz P,%;AL,.EL 0O PL-ATF

LEWTi-ý,ISE DISTANCE FF70'l L0WEP
LE=T 7'LATE COR!NEP, xC 7. 00 PT

w:DT411 DiTAN1,CE =Rg~1 LQ-..EP
LE,=T PLATE CCRNER, YC = 0 00 PT

AyE-OE PEE~AC0 22C32E-04 PEI

- T~~L FO0E ON W41LL 0 2AE'8L
TC74L AP-PLIED lr!PUL-=E = 0 ~ L-

A. ý,EEEtPCri r"PijLZE :0 14 PSI-SEC

3~~c5 1

'. / u



-I SOUTWWEST RESE.ARCH NSTTTUTE . -

0EPARTMENT OF ENERGETIC SYSTEMS ZI4EETNO

COMPUTATION SHEET 3) OF0

PRO.JECT NO.: c___ __ 10_ __ __ _ SPONSOR. __ _ __ _ __ _ __ _ __ _ __ _ _

SULJECT: 34A4- VD-C1 _______

flBy: .4 S ATE: 7 6 19 11.. CIIEC(<EO BlY: ________OATt CHECXED:- 19

WALL C -u~ +ce

INP~UT F4A:',STER5

CHAE =198 40L
:EPIIICJL49 ST-N!OC~F 33. 00 FT

PLATE LENGTH. XTOT =7. 00 FT
PL.ATE W'DTH, YrOT 19. 00 FT

CHARG0E PCSITI-,4 INl PLANE PARALLEL TO PLATE

L.NT.J1~ED1S7ANCE FrRO:l, LO'.JER
LEFT P'.ArE cCORER, AC = - 00 F
LEFT PLATE CZ~4ER. 'fC - 0. CIO FT

CU)TP:j r:

AVERAGE PREýSSUF7%E 0 391 3=s0O PSI

TO)TAL FORCE ON 'I4.;LL = 0 7I0OE-406 LB3
=IT:OTAL APPLIED - 0. ::72=+fl4 LO-SEC

5-66 - -



SOUTHWEST RESEAACH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET -i OF'

PROJEC NO.: -7 t ' - SPONSOR: E ,. LR

BY: ! DATE 10 19 e.. __ CHECKED BY: D,•• . DATE CHECKED: 3-3" 1`7 19 -

":• ~~~CEILING - •)4f- b-,.•-•c

• ~~I'sPUT p AR•A:ETE S :

"CH4PGE WEIGH- 94 20 LB
"PERPEuloICULAR STANDOFF 9. 00 FT

* PLATE LEI,',,TH, XTOT = 700 FT
PLATE WIDTH, YTOT = 40.00 FT

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LEN.G;TH*WTSE DISTAN'CE FRC.M LOWER
LEFT PLATE CORNER, XC = 3 50 FT

WIDTHWISE DISTANCE FROM LO','ER
LEFT PLATE CORNER, 'tC = 33. 00 FT

CUTPUT:

AJER4AGE PIESSURE = 0. 44:2E+03 PSI

TOTAL FCRCE ON WALL = 0. 1799E-03 LB
TOTAL APPLIED IMPULSE = 0. 99SE-04 LB-SEC

A'.'E7A0 5:ECIFIC IMlPULSE 0. 17 PSI-SEC

5-6711:
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DEPARTMAENT OF LENEGETIC SYSTEMS SHEET NO.

COMPUTATION SW4EETOF4

PnoECT No.: 2.~ SPONSOR:o
SUDJ'ECT: a 1zz 1.V

I.

BY: D!," ATE: 3ýL 192 C •ICKFO BY-. DATIE (:'.CHECED- 19 .

in

ee 4-
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COMIPUTATION SHEET IOF2_•..

PAOJFCT No.: S__________ PON~SOR: C L

BY: DATE: • 19 7 CHECKED BY: DATECHECKED: __ 19

W! a V -
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DEPAP TPENT OF ENFAG&fl SYS-OAS SHEET NO.

COM1PUTAniON SNHfT 7 .Of~..

__________~u. CFKL I -

SUBJECT: S&!.r 4yAY,-
by! N~ DATE: ;A 58 ChkhCKED By: D_______ ATE CHEC(ELD: is_

/ AA

114A/A re- AJA.kJCC- 3A{



SOUTMWIST RESE.ARCH PNSTtflJTE
DEPARtTMENT Of ENERIGETtC SYSTEMS S4ETNO

CONIPUTAT)ON SHEET LOfz.~

SUBJECT NO. A'-7 t%'L

SY ___________ D ATE: 19~ Ž CH4ECKED BY: _________ AV CHECI"D: 1S..

~-~-c ~Ic.tlag 40 LS
H~AR TA'~0F ~-2 00 PT

__ ~ L
T
ELF'NcTH, ATIýT 2 0 On FT

ZDL;TE WIDTH, YTOT* ZC 00 FT

* %ITIC~N i PLANE. PARALL.EL TO PLATE.

LE':T .~SEDIST4?,':E FRC-1 LOWER
LE;7T PLATE CORN4ER. XC - 10 00 FT

.~lDr-..I-Z )ISTA'JCE FROM LO;-ER
Lý,:T PLATE CORNER, Y,- 0 00 FT

A ý;AE PEcSU'E 0 15@E-~04 PSI

T.ALF~E ~.~JLL~ 0 b1L03L2
4P~L'E IMULS = 0 13eS2-r05 L.B-SEC

4'E4TIE'C :F C 11~Pý,' C' 24 PSI -SEC

I~ m

4A c"3-



SOUTHWEST RESEARC NcI IdIrmnI
DEPARTMdENT Of ENERGETIC SYSTEMS SHIFT NO0

COfIPTAT"O 51(1 OF I o

DATE: -12-.IWlg CHECKED $y ________ ATEF CHECxEDo.

P C

.4,-,-, ;I. Al T P

T - ,F c-4T r i~ e'0d LS
S' 7A, .ýCF 20 00 FT

'"LA7 Lýý-'ZýT'H XTOT 20~ 00 FT
9J.TE. 1DTH. VT 0 T40 "~ rT

ý,C-=i-ITIN IN PLANE P4AL' TO PLATE

~;TM4~~DISTA4 Z-E PRO!' LOWER
LEFT PL4TE rOqtjER. 'AC - 10 00 FT

*J!rl~rsEDISTAN.'JC PROM LO-ER
LEFT PLATE CC~RNR ;VZ - 20 00N FT

~U E PPESSU:4E * 0 1764E-03 PSI

Tr).4L rC ON iWJt.'j* 0 1 !72E*09 LB
70A 4rjp;1EclF..' 0 Z07CE*0! LB-SEC

11111 Scý 0 is o 8s:-S~c

4- fL



So~rTMW1ST RESEACH tkSTTTUTE

DIPIARTMEW4 OF ENERGETIC SYSTE-S SHEET N

COMP'UTAT)ON SHEET4 0

PROJICT N0 0_ SPON"O: ý: R- ..-

By~SC. OAT 19 CH(KI ______

BY ________~~~~V OA O.L B .C*CQYO'lCECE

7,,

c -

-C -:t

-~4,
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SOUTHWEST RESEAACH 4iSTYTUT1E

DtEPART-4ENT OF ENERGErTIC SYSTEMS SHEET No

COMPUTATON SHEET 14o 00.

P010JECT NO.: _________PONeSOR. C L ______

SUeJECT. FA•A "Ar.

By! D' ATM -ID W CHECKED BY,-_____ OATE C4GCXEO7 It

MAINTENANICE BAY DOOR

INPUT' PARAMETERS:

CHAROE 14EIGHT - 18E. 40 LB
PERPENDICULAR STANOOFF , 3 00 FT
PLATE LEI4CTH, XTOT 7 00 FT
PLATE WIDTH, YTOT 9 q 00 7T

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LENTkWISE DISTANCE FROM
PLATE CORNER. XC - 3. 50 FT

WIDTHWISE DISTANCE FROM
PLATE CORNER, YC - 0. 00 FT

OUTPUT

TOTAL APPLIED IMPULSE 0 6194E+04 LB-SEC

AVERACE SPECIFIC IMPULSE 0 68 PSI-SEC

II

5-7.,.
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SOUTHWEST RESErARCH INSTI"JU•E

DEPARTMENT Of ENERGETIC SYSTEMS SHEET NO.4

COMPUTATION SH~EET OF~

PROJECT NO. " A- s s: '-i • L.

BY L DATE 719 - CHECKED BY_ DAT1 C9ECO. __ 79

5-+-:*i L

Ii

n LLa

I 4t,

$- 31



SOUTHWFST AESEAAC24 9STITLJTf

DEPARtT'dET OF ENERGEr)C SYSTEMS SETN
COMKýjATION4 SHEET .j O t.:

P"OJEC C NO. -7 Q .Ct' SPONESOR: __ _ _ _ _ _ _ _ _ _ _

SUBJECT. RL.As- /Ap,46I,s

By D.(2 ATE: al0a1 &IO.- CHECKED BY: D._______ ATE CHECKED' - 19

Cý 15!:! '-4sA~~c.

- ,-3

-~~ Iq7  I 3

~ 4~-~44

v k ,- -j t z,1-4 o- ý.

9..,L I

_______r 01___ _ __ _ ___0_ _ _ 5I



Sy~JTHWfST AESFAACH INSTrTITE

QVPA'1TMEWT OF ENEAGETtC SYSTEMS SHEET NO
CO#AVTArOON SHEET O

PROJECT No'. c,~ SPONSOR: ~ L~

SUBjECT BA:~ AaYs, _ _-

ayý __________ A~E 19 Tý -NECKED SV: D__ _ _ _- ATE CHECKED: IS__

±b 4 ~c ~ ± ~ + e voh - ir

- ý 5 -7-l0

c-,

-7 1 44

Vc cI
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SOUTHWoVSI RESEARCM$ gmsmrn

DEPARTMiENT OF ENERGLTýC SYSTEMS S~ET No.

COMPUTAVON S?-ýFT

PotojIcr mo.: -Z' SPONSOR: E_________,____________

BY: ___\ _____ DATE 192~. CMECKEO BY: ________ DATE CHECKED:

3 ~ -;'~--'L CS -Q'. =- -t -9

votw - w A-V%

3.7

io I

5-73
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SOUTHWEST RESEARCH INS 1. 1 U

OE.PA~TMENT Of ENERGETIC SeSTTMS SHEET NO.

CU#APtJTAT)ON SWEET j OF

PROJECT NO.: -______ SPONSOR 7~

SUBJECT:~ i

By! O fATE: _____19 -- CHECKED BY: _ _______DATE CHEC.ZD: ~

aI

~.-.i

i x

% 4

S T, -- Z . z.

-.-- 4

- 79



SOUTH~WEST RESEARCH tNSTrTUTE
DEPARTMUENT OF WEMEGETIC SYSTEMS SHEET NO.

COMPUTATION SHEETq1OL0

PsOEtoerNo.: V -- 7t~i -SPON4SOR L

SUBJECT:
B• , Nv. DATE 19'! -, l . CHECKED BY: - - DATE CHECKED: 19 __---

vc,>

4- e r tufL

II

-,%0 .

c-8 ", C' 1

Z'~~~~~ W.iie. c ý.D

zs~iw

3-
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SOUTHWEST RESEARCHCN 9STtTtJTtE
DEPARTMENT OF ENERGETIC SYSTEMS SNE~T NO

COMPUTATION SHEET LF

PROJECT NO.: rz 7- SPONSOR:_________ ____________

BY. DArTE 32E- 19 t-k CHEfCKED BY:_________DAhCE E-

j~v.hdJC1(Dw $41

op-j lamvr4%

- ~"5 ~ ~ ~J~5~ 'b..b.L4VE ~WALL.S Aw ,~

t N ~.J E~ 431,C'1- ~ ~ 5E1.~ P* 71

I I'. IS. ~~ '~S A AA A L,

~r, A AME Rt-Qr i R~ . -l- .")A 56t$f.

S 17 ý4& C L A-7-1 -6 S
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SOUTHWEST RESEARC14 i.V•ST1TTE

OEPARTMEMT O IENERGETtC SYSTEiS SHEET NO.

COMPUTATION SHEET •p OFM

PAOJECT NO.: -, 7".SPONSOR: C~SUBJECT: INVTV ý L •k -1_ "..-- ,•v !

""BY: DATE: 0 1 CHECKED BY:A DATE CHECKED: 19-41

= AI76-RiOR W+4LL rPES6,tJ SZ4MM1P-1k'iy

-' _ ""__ It • 5- " __-_ _- _____5

__ Z_ 4.]CZA c

- • "t _--I _ 4-i, -

I, ,2- 's 4- .7 ._ _ _ _

•: 5-832

_t_4-

1~~~ 0 .7S

Z4 -lea
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SOUTHWEST RESEARCA tNSTrrU• |

DEFAATh4ENT OF ENERGETIC SYSrTEMS SHEET NCOM PUTATION SHEET 'IOF•

PROJECT NO.: S._- _ __ _ So.sO .

SUBJECT: . -

Y: C DATE: s CHECKEDY: DAT'E CHECKED: 19

FIXED - FIXED SuPPORT C3D)ITIONS

LOA) PA;ZA'ETERS Fl .310OE+36 F2 - .16•O-.+0'
T2 - .3700E-03 T4 - .L00E..02

BEAM ?E&.AIETERS L - 4',.03 THIA(K • 2.33
D - 3.50 D' 'A. 50

ýJT&Tl,]Ol - 1.00 1IT ATL - .)15E-32

FC ,GO00. F *y - 72003.

IE . l152.+O14 IZ - .5573_:+02 IA - .5 h3E*33

KE- .282bE+Ob KEL P. . .*b53."-)S5
Ll - .2721E. O', '.2 " .3628E3)4

E)I ;I?'E) STEEL AREA - .0257 S IN/IN - .32D3 SJ IN/FT

5-83



SOUTHWEST RESLIMAJ4 UiSTTrUTE

DEPARTMEWT Of dENQtEMI SYSTEMS SHEE NM
COMPUTATIONi SHEET O

"CqOECT MO.: 0 .- 7~ -SPONi5Ot. rCS:L

SUILACT1i 8.4V %,/'IZA A
B:O-ATE; r 19, "l CHECKED BY: _______ DATE CHEKAID: __9_

IC -

I~o v Lto4A2.

I~-I2!---

1/ "I.44-~

£~ t'~. L4 '_L)&

5-8



SOUTHWES. AESEARCH INST),VTE
DEPARTMENT OF ENERGETIC Sý'ST EMS SHEET NO.

COMePUTAM1N SKHEET o

PROJECT NO.: 7 q-SPC?4SGA B________________

SUBJEC:T: e, 7* ~ -

sY: ",e DA7Z: 2-ýI ISZ CHECKED 8Y: ________OAT! CHECKED: Is

Ef-K

FIXED - rXEDDSUPPORT CON31TIONS

LOA) PAýA`IETt.RS Fl - .5872E+36 F2 .?193OE4,04
T>2 , .350OF-)3 T~ * .tD +0?

aEA,- Pý ,A'ErFps L. 14 '4 .D 0: * .D
0 -3.50 D' *3.50
R 0 AtT ION - 1.00~ TNATL -* ~E - 0

430 FOY - 7Z000.

*E .115eE+04. I C* .1232:*03 1S A .53slE+.O3
K EL .27E.< P - 5 Q5 OE.)5
L I L 2b3F*A 4 .2 4 qE 4

REJJIý) SrTEEL AREA obl S0~O 1'4I/IN .315L Sl IN/FT



SOUT1WOEST RESEARCH INSTITUlTE

OEPAll&'mpw OF FAePEoETc SYSTEMS SI"Wm O.

CO*WPflATIO* SMCET po

BY. ~ OAT! ~ ii .. &L )4EC"6001: C-_______ O1 CNscE -k

UET L CI Ni- sA - - s

L 144

e. z 50C **~ ~I~

LC. ~ -200 2.2 1 Z3

\r 4L %r -* ACr''

:,j it)

A-to o -5 -4

_____________ Z'r

H r-
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SOUTHWEST RFSFAACH INSTrrUTE
DtEPARTMENT Of ENERGETIC SYýSTEMS 'SHEE'T N40

COMWPTAT" SHET of

PROJECT NO,: __ __ _ -_-' _ __ _ __ _ SPONSOR: - -

SUBJECT T- -L li 0 -. -
BY: "h fer --- N DATE ?-Se 19 jfl CHECKED BY: D_______ ATE, CHECKED: It

T2 - s ,oE-)? T4 -'I'. " .• .[ -O•5- •"'." 1,* -)

SPARAOEHES L 1 55.00 THI.- 24)

9 3.O 50 0 3. 50
* CTATIJ% - 1110 rNAIL *

F C' "000. F 72?T22.

K ~E 2 .231!.ob < * 9

R E 3J I - ST;Et. ARE .02?3 S:) IN/14 .3513 S) IN/Ft

Ii



SOUTMNkWIST P(SE&ACN 04STffUlf

DEPARTMENT Of ENERGEMl SYSTEMS SHEET ko.

COPUP$TAT1O SHEET O

PROJECTNO.: S".7O L.__________________

SUB.JECT: LAeif _. ý " 1p7j YZi, ý* e____
DATE, ?4A7 19 CHECKED BY: _ _______DATE CHECKED: IS

~~ -'~~ 1(* 4I~~o-

.15

C r, -T -I

*ý Z'- 5 ,/l .9 (j- -'so I g tt -5

~Z- s, 1o bi

.Z3
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SOUrTHWEST RESEARCH INSTITUTE

DEPARTMENT Of ENERGETIC S'STWMS SHEET NO.

COMPUTATION SHEET OFjTz

PROJECT PO.: -7 SPON. SOR& C CRA.

SUBJECTr -*tt& -'~

BY: " _ DATE: ' 19 L. CHECKED BY: . _DATE CHECKED: __ 19

4 A

STRJCT'J•AL ELEIE14T I1vI) ING 4%LL

LOA)S 4 1'" SECTION
PEA< SHOCK FORCE * .5500E,)5 Li

P EA< OUASI-STATIC FOR:E . ''•'$ ''*$ L3

SH3:K r0RCE DURAT13 - .353E-03 SEC
OuASI-STATIC FOR:" )J;;- JN - .1O)OE.)1 SE:

MATERIA_ STRENGTHS
Fr', I '000. PSI

F ~OY _ q:(00. PSI

CRJSS-SECTI3N
TOTAL C 4NCRETE T-AI < N1:SS 12.O IN1CHls
COV ," i TOP AN)D 80TT]) 2 2.00 1 I1:HE;
tc:Czr, T I STEEL 7):Nr &Rl * 1. )0 '1CIES

S rEF L SII AND SPACIN1 I i T at I !N':-.ES
T ~L A ýE A ( F.AC H F&~ A .C S) 3 N/ cT

SU'PORT CODNITIONS : IxEO - CIxED

RES20NS-
'4AI "JM DEFLEC

T I3O - ).I? INCIES
"MAXI&JI J1OTATION R ) T"A-T0EES

EAIT JI
qJ - . 94E+02 L3/14

E•) •EATION- .1T. 04 <IP/FT



SOJTNWWEST RESEAACH 1thSTrkJTIE
OEPAATM&4rT Of ENERGETIC SYSTEMS SHEET No

COMPUTATION4 SHEET Z

P%0JEC? NO.: - SPO#4tO7 :

BY: DATE: lJgntTI -t%.- CMECKED Sy: _______ DATE CHECKED: Is__

IIt

iz.2 44 4fK ~

I I*T4

I.IS

Lo -



SOUTHWEST RASE-AACH INST1T'JTI

DEPARTMENT Of ENERGETIC SYSTIEMS SHEET N.'.l

COMPUTATION SHr OF 3-L

PROJECT NO. SPONSOR; :

SUBJECT: .. J. - -

ay: __________ ATE:zA 19 eZ CHECKED BY7 D________ ATE CHECKED ___ 19-

. e -=t::,

?IX'D - Fl X:D SUPP0RT CJ')IT7)']

J A A E ETERS FI - . 211 )I F2 - .235 -0 4
T2 - . ^,Zo1 E--33 T4 - .1003 -+02

IE41 ý'&4A-4ETERS L 2 4.0.:3 T 1I'.K 24.30

: - 3.50 V • .5)
ýJ]TATrIJN , 1.00 TN1'ATL .Z53E-31

p C)O0. FDJ * 7203).

IE .i152 .j4. t) 15 5*+ 02 [5 4 E + 3
KE. • l , ). E - 05 .E~o • 2 . 3 ÷ 5

. 2 .2 4-E.0'. ? . 7 E

q t JJ1 ) STEEL. AREA - .03 O • 14/IN .4115 SO 14/; T

I- -. - -- _____



SO4JTNWST REEA3 INS 1*TE

DEPARThqENT Of 04EAGET)c S'iSUM SB" O

COUPUTATIOP !HEET O

rp~o.jEc No.: 0 SPO~iW: ___________

susJecT: -h /ŽO ýAcAr4? z A
qy Nhr,ýi DATE: CHECKFt. SY!: 0_________ O CHECKED: - 19

~ .Z~~,I a ___________

~SIGL =

-- I. 4,~4~L74dIt7

Irat

I., .A Zj



SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC S"STEMS SHEET NO.

COMPUTATION SHEET 43 OF3L4

PROJECT NO.: 0 7 c! ;I. SPONSOR: CK L

SUBJECT: ,r-ý-, cry

aY: n -DATE: f t"*"19 'Pl- CHECKED BY: OAT- CHECKED: 19

FIXED - FIXED SUPPORT C3J)ITIONS

1 L043 '3AýA4ETERS Fl - 55149E+)b FZ .2535:2.0'.
T2 - .3300€-33 T1 = .1030.:+O2 4r'

BE* &I PA& AIIETERS L . .5.30 THIIK 2 4.)0
0 - 3.50 0' " 3.50
RDTATION - 1.00 T4ATL - .3ý6E-02

FC' ,4000. F)Y Y 72)0).

I1 E .1 152E204 IC " .1230 03 I1 a .5375E+03
KE 130;E-07 <ELLP. -- ._O12E*)b

LI 1 .1070E+05 -2 .I427E+)5

R RE JIRIJ STEEL AREA .Ob, S3 IN/I4 .83?3 $0 IN4/FT

5-93
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SOUTHWEST RESEAACH IP4ST7TUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION4 SWEET14 F2,

f,1

"oLLcT o:<= -- 7L! -c-SOS0:

UBET_-11QI3A A=A~-7-, / ± Aý Z

!Z

Oyl
•.,.,,•i -,,.., !,•, sH=,. V^

IIY: .• DATE •.•,25o9 •) CHECKED 'Y: s 'DATo E CHECKD:

F ~t).I A

•4b I'-- 6 . 1 r,• la .'}O ) .

" O•'• : "•" m
, .'=T-A

V. • ,, ,,,• V.-V .... r".'"..•,-I• "-- Z _o "•

, - • • "-, -• , ' " lt•
•.,,• . ..- __ •_"'• I'• = ' • 5--943



II

SOUTHWEST RESWARCH INSTITUTE

DEPART1AENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET I LOF._,.

'PROJECTNO.: _ 7o1 L SPONSOR: RCF L

ISUBJECT: 1 AJ 7.? ?t. !ý:2
,BY: ' k'"- ' DATE: ... Z•./I9 • CHECKED BY: DATE CHECXED: ___ 19 L

•-:-="- Lie~ s. -- c"-• z.

FIXED - FIXED SUPPORT C3)1TI:3NS

LOAD PArAiETERS Fl - .14bgE+)5 FZ - .634b0 .04
T2 - .b800E-02 T•, - .10033E02

BEAM P&RAMETERS L - ?15.00 THI:K ?4.03
0 - 3.50 O' 3.50
ROTATION - 1.00 TNATL - .230E-0I

FC = 4000. Fol - 7230).

IE = .1152E.04 I - .1251-+03 I - .5331E+03

KEL - . 6855E+05 KELP- * .1771E+)5
L[ - .4 AýgEO liO L2 - .553*E+)4

RE3UJI;:) STEEL AREA - .0721 SO IN/IN .3654 SO I4/FT

5-95

_ _ _ _ _ _ _ _ _ _

/]



SOUJTHWEST RESEAACH INSTITUTE

DEPARTMAENT OF EP4IRGE71C SYSTEMSSHE 0

CO#APUTAflON SHEET O'i

P~ojEcT mo.: c-, -Z. '7 SPONdS0lt:_____________

ey :..J.. DArE:Z4 2j....Qt CH4ECKED SY: D_______ ATE CHECKED: 9___

J, -Z I/

K I ___ ~(. LAoxio~ ,l 4

I I%

It-

A I /,

LA I t -

5-961



SOUTHWEST RESEARCH INSTITUTE

DEPARM~hENT OF ENERGETIC SYSTEMS -WEET PNO.

COMPU.TATlO4 SHEET7 f tZ

PRuJECTHV:0

BY:DATE: _D-w" ;tZ..L CHECKED BY: _________DATT CHECKED: 11-

- ~~~ ~0 -3M..r-..-

OuASIS TAI FORC 1"I) S2CT)O-)lSE

MATRI&!L. STRE4GTMS

FC, - 4000. PSI
FY- 93000. psi

TOTAL CONCRETE TlC,,4!SS *12.0 rC-iE's
C~S-Co iJN SOTTO" 2.30 I4:HES

EFF CTIVE STEE 43MC1'r 1'- 7 .o icI%

*IST~E- SRIZE IEOCH4C314 1 .3 AT 1 /<15

EllCTIVE M0t'4V 3F "I EýT!a 1- 113-03 14ý,ý

?'-ASTI: ~OAEl- CAAIC1T'Y - *LlbojE-3 ý'.:'-t14,:

l.E-EI4T LEN'rN * 14-,.30 i1CIS5

4.ArJRIA. 'SR1OO .1 .3E 31-itSC3

SUPPORT Z040JTJONS l5 -IE:)

ligi MU 3EFLECT13'q 5 1.3 14C-1:3
MAKI MUM RITATION I, D.ZREE



DEPARTMENT 00 EEAGETIC $STESra SWEET 140.

COMPUTATION SHEET-LrO-1

PRWJEC-.NO.: SPONSOR..: _ __ _ __ _ __ _ __ _ _

By: '2S gaL.= . DATE: ZLA 19 .3.... CHECKED 8Y: ________ AT! CHECKED: - t

L1.C~JC.+ A2SZrS - -Z(

I.ix z7

A-. Xj6 - - ____

F'74- -6 97 i k

AT= r

JSrz j LAA
71. I.~c

.,A Z



SOIJtHWEST RESEARCH INSTMUTE

DEPARTMENT OF rrNE:RGE'rtc SYSTEMS SHEET NO.

COMPUTAT)ON SHEIT ic5 Of

PROJECT NO.: SPONSOR:

SUBJECT , - ' ,

By: D - ATE: ZA Sz 19 c-. CHECKED BY- D_____ATE CHECKED: ____19

FL_ ,,

FIXED FIXED SUPPORT CON)ITIgNS

LOA) PAAIAETERS Fl - .3600E*.) F2 - .'080C+04

TZ - .b503E-33 T4 - i)33E*OZ

82%4 P4A&¶ETERS L - 24,0.00 THI:K 24.33

D - 3.5o 0' • 3.50
iRgTATI04 - 1.00 TNATL - .24,,E-)I

FC' 4 4000. F,3 y 72000.

IE .e I 152E*0' 1 " .1.1544- .03 I • .5532E#03
"KE L .t59z6E05 (ELp - 1 .3 20E +5

Li 5 t 5 I4,E O4 L2 - • 9 22 ]*

REJJIRE) STEEL AREA - .0922 S0 IN/IN - 1.1Ob1 S ., 1 /FT

5-99



.g

SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMiPUTATION SHEET O

"OJC pN L -' SPON4SOR: _____________

SuBJeCT: L.., .j /Q "/,J4/ . A
BY: Z:- OATE: X..•._9 512L- CHECKED By _ _ DATE C3,,, CKEo: 1.

•. •....i 'e" ' .L ~ z

*- *"• . . . . . . . 1.

*-U .3

of X LO5r." ,674W ~ tj I I I__ _ _ __ _ _ _

A4l iý A,

.284 .2 (.65) 1 I s

1*1.

glý 2 .ZZ



-5;

SOUTHWEST RESEAArI INSTITUTE

DEPARTM4ENT O ENERGETIC S'ýSTEMS SHEET NO

COMPIJATtON SObCET z"o:-!

BY . OATE 9 ;1.-- C'*CKLDeY OATECHECKED: 19

FIXED - FIXED SUPPORT C04)ITI3NS

LOA) P.4 . i•ETER S FI - .7680E+.)h F2 . .409DE004
TZ - .3,00:E-33 T *4 * .133'E*O2

BE.1 P R -AIETERS L 240.00 THI:K * 24.30
0 - 3.50 0' 3.50

R0TATI04 - 1.00 T4ATL 2 .3 3E-01

FC' ' 400. F Y - 7?33).

IE 1 .152 I 2•0 IC - .1731F#03 I. .v51 E 033
KEL. ).ý 7b ,7 *O) (E.A0 E .1 336E.)5

LI 6 .35tE.0L? a" .36FS

RE0JI IED ST.EEL AREA 1 . I•33 30 14/14 1.2N44 5: I 1 IFT

5-• i01



SOtJTH NEST ReSEARCH INSTITUTE

DEPA4Th4EN i Of EfdERGElC SYSTEMdS SHEET NO.
COMPUTATOO SHEET O

PROJECT NO.: C> L 7om SPONSORi: _________________

SU64ECT - I A 1?t 7-5 / 'A,_ _ __ _ _ _ __ _ _ _

By� 26--1 DATE': Z-4 15 1 CHECKED BY: _______ DATE CKICKED: 1___ I

-_ UP I~

C.,% MAO)_

-Imo 5-e PLEV7S 6-,;6L 34r.O 16 KJ05Lm ( i -i

3-2t3

_ _ _ _ _ _ _ _ _ _ _ _ ~~ o_ _ _ _ _ _



-j

SOtJTHWEST RESZ3APCH INSTITUTE

DEPARTM6ENT OF ENERGETIC SYST!US SHEET 14.

CO*APtfTAT)ON SHEET O

PROJECT NO.: CZ- -- a7 S"OSoft______________

SUBJECT: . , : / I > '), V, h. 1v ,. .L

BY: .- MfL . DATEf 19 i O4CXHED BY: DATE CHECKED: 19

.- 1 A- ,

týL

I I

II

4.'

'-+ I

,,, - 4 - lit

"A w .5aL

7 C

-p 4t-

zz.I

5 .F=(5~-~~1



-j_

SOUTHWEST RESEARCH 4STSUu

OVEARTmENT Of ENERGETIC S"STEMS SHEET NO.

COMPUTATIki SHEET 4-Fxl

PROJECT NO.: -7_______c)- _ S"OSOA: CIEA L

SUBJICTý Z r ' 3-c ~AP- 14 Z <- '
By! _k_•-_-,____ DOATE. " 91 ý CHECKED BY: OATE CHECKED: _ I -

t'IA.Nr- if &^,t I-A' ~d L.

FIXED - FIXED SUPPORT C0N)ITDONS

LOA) PAR&AIETERS Fl - .bb4',3E.O6 F2 - .8883E*04
T2 - .3000E-33 T4, , .1333ESC2

BEA4 PARAMETERS L - 240. 33 THI:K - 2.*u

0 - 3.50 0' 3.50
ROTATI3N - 1.00 TN4TL - .239E-01

FC* •0o. FJY - 72003.

1E - .115?E.ý04 IC .21782#03 I4 - .b84qE+03
E. .b6 1;E,05 E P - .1.31 E*)5

LI - .8b59E04 L2 - .I155E*)5

REIJIRE) STEEL AREA * .1415 30 IW/IN 1 .b6 73 SO I'4/FT

5-104



SOUTHWEST RESEARCH INSTITUT_

DEPARTMENT Of ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET of

~ROJECT No.: - Z.SPONSOR: ____________________

SUBJCT. AC J- '--o .A,3A Y I JA .L L
BY: :I ,' " DATE. 3j.jLk g S9 7 CHECKED BY: DATE CHECKED: 19 -

20 7O'~l4o

I --_. I_ 1 "`r T o 1-7

p•1 -

7 7o

" !P 4 4

*ZIP

Fb -7

" / -�5"10.5

- - 5 - 0 5 -



SDUTKWESY RESEARtCH INSTUE

OIPARTMENT Of ENERGETIC S'fSTEMS SH4EET NO.

COMPUTATION SW'EETOF3k-

"POJECT NO.: - 9ý cE7SO t~Z L

StJWECT:~2 'v aýE fs

BY:"* fer: 1O ATE: ZL ig2-1 C?4ECKED BY:. - D_______ ATE CHECKED: 1

FIXE:D -FIXED SLPPORT CJN4)ITI)NS

LUAJA PA.4AMETERS Fl - .1757';+)b FZ -* 24
T2 - slOOE-)3 T4 - .103)OE*0

bEA1I PA444ETEkS L '4.0 THI:K 24.30

0 - 3.50 D' - 3. 53
ROTATION - 1.00 T14ATL - .253E-31

F C '.000. F)y - 7?003.

E .1152E.O04 I^ , t)212:+3z it t)OS?IE+33

*. bL3?E-05 <FLP.- . L22bE+15
LI ld4',E04 L? .2453E+)4

RE)J14E) STE-EL AREA .0301 iQ IN/IN .3537 S:3 14/FT

5-106



SOUTHWEST !C,- EAAC4 ItISTTTUTE

r4PAARTMENT Of ENERAGETIC SYSTEMS SHEET NO.

COM4PUTAT)ON SHEET 3LPZ

'PROJECT NO.; 2 7.~7spoNsoR 4

By:ýT t -"JA DATE: ~ 1 L.CHECKED bY: _ _______DATE CHECKED: 19__ S~

COO-r I- *t4o~

- r(n1X02r7)ii__

tie

A.,.

V. " s ve -r 8 -s)T' log. oo

.361
Zi-rn

~ ~ ) ,'* t'

_ _k 472



-j

SOUTWWEST RESEARCH WSTfJrUTE
OEPARTMENT Of FNEMRGETC SYSTEM$S SHEET NO.

COMPUJTATION S, ET V5_OF1

PROJECT NO.: 0_-7 2O2. SPONSOR.:.
SUBJECT: r-Eir, e'#J

BY: ' -- ' . DATE. j.S"Lf 19 2 CHECKED BY: DATE CHFECKED: 1___ tS

F 'XED- 7!FIXED SUPPORT COS) ITITNS

LOA) PA4.AlET-RS Fl - .5205E+36 F2 - .4550E*O04
T2 - .4090E-J3 T4 - .1)33E+?A

8EAI Ph- A4ETERS L 1 2 3.O00 Tr MI K ? It.30

S- 3.50 D' • 3.50
ROTAT IJN - 1.00 TNATL * .25E-0l

FC' 4 4300. F9 Y - 723 0 .

IE " .115ZE*q0•, - . 1471_"+03 14 " .5,445E.03
KE. = .6561E+05 <E_'- - .1 312E+)5

I - .53lbE-O. L2 - .703E*34

RE3J!ýE3 STEEL AREA - .09 4 SO INI0 N " 1. ,423 53 I4/FT

5-108



SOUTHWEST RESEARCH~ INSTITUTE

DEPARTM4ENT OF EERGMTC SYSTEMS SHEET NO.

COMPtTATIODN SHEET

pRC.jECT No.: ~ . -7 sp.0o SPONSOR:_ _ __ __ _ __ __-

SUBEACT: . L4 1  /r.,A~ /LAg3 ____

BY: DATE: t jN',9.32"9 C)kECXED BY: _ _______OATECHECKEO:. 1

* L~CJG S~~Z-

i~v~~TT .
______ _ . 'Z

Z7 r, Wo
cz, um

-- ' C. = ; " ' F ,5T -

5 -Z2 So '6io.Ti'C. +2.lS (.&l-oft

its-________ -(SCi~~

Z II
16.4-cy 4



SOUTHWEST RESEARCH IMSTMTUE

DEARTOENT Of ENERGEMl SYSTEMS SHEET NO.

COMPUTATION SHEET

PROJECT NO.: O-z- - 709 7 SPONSOR: c- X-=gt,
SU8.JE A-r: , tt/rnA•.d/S,, b),.,J L,.--A-

lY: - DATE: .Zjrýi9 -2 CHECEK mY: DATE CHECKED:__ 19

,.,•.JC ",-sr'. -

'-" j'-- Ii "'1:$" L4J.L6 BA2~. ,-e- , •~• -€

, --I TT -61 ,-(.

C -- -

I .J .

U e V v
FLcw ;(6 *-' N '

tr'c a, .2 
;J

5-110



SOUTHWEST RESEARCH INSTITUTM

DEPARTIAENT OF ENERGE.TIC SYSTEMS SHEET NO,

COMPUTAT*ON SHEET OF Ll-ý_

PROJECT NO.: _ _ , __-_"7 C SPONSOR s_ oso- _' -_

SUBJECT: , )AP ARQ V W" r'll

BY: PATE. la.r.21 19 .92-; CHECKED BY: OAT"• CHECKED: 19

7 LI j --

---- &-"(2.) - o

•' T't-¶1. * .- 7••/rz.,

C"IPUV*4ý OA-rLrT-

MAINT 40OF

F FIXED EDGES

SPRFSSURE - TIME VALUES 4t

TIME PRESS

0. .23800E+03

:270OOE-02 .37000E.02
.200OOE+01 .37000E"02

- SLAB PARAMETERS A - 54,O.00 B 9 660.00
"T-ilCK - 36.00 TOP COVvER - 4.00 cOTTO4 COVFR . 4.00

MAX DEFL - 4.70 TNATL - .b25E-01

FCP - 4000. FOY - 72000.

IE - .!?8idE-.• U• IC - .6484-E-03 IA - .2268E004

EL - . 199-4E+08 KELPL " .5ý97E07
LI - .7493E*07 L2 " .15,7E+08
PIUMENT - .2838E+06

RE3uIRED STEEL APE. - .1408 SO IN/IN - 1.bd94 SO I'/FT .

STEEL A-ZEA IN EACH FACE FOR DDU'LY REINFORCED SECTION

l3A, SIZE E SPACING AREA (SO iN/FT) - (SO IN/IN 4
I0 4 q" 1.5q .1408

S9 - 7" 1.71 11425

5-111



SOUTHWEST RESEARCH4 W4STrTUTt
DePAATMIENT Of ENERGETIC SYSTEMS SHEE

COOAPUTAT)ON SHEET3 -O

PROJEcT No.: -" ~-7C 7'-T S"QSom: C!-

By ATE; 3=SQ±Wg ... 1. CHECKED SY: D________ ATE CHECKED: - I -

~ ~Y. f"J -

L.~ 4~ PTs 5A

CCC

- * Soo

Ye.. T** Z 107 . 3

4*li 23.c . 10

ci~.S

I $ 4.

I J 44t



SQ'YTNW:-ST RESEARCH INSTrTUT

DOPARTME'NT Of 4ENEGETIC SYSTEMS SHIET NO.

CO*4PUTATXM# SMEET

PROJECT 14O.: /(,z - -70o SPON4SOR: _________________

SUBJECT: 3 --

By: t~ -17ý- DATE: I ALL 19 P- CECKED BY: ______ DATE CHECKED: 1___ I

A5uO krE..

Pb --

4-o9j~ Zw$

14Z - .orz 7 u5



SOUTHWEST RESEAR•A WIST1rUI1
DEPARTMENT OF ENERGETIC SYSTEMS SHEEi NO,

COMPUTATION4 SHEET o

II

: oj~c' No.:_ 0-- 70 9'Z _ SPONSOR:Ssuwfcr: ••r • .••.
BY: )'f. ýVHJ 7A-•' ,Y'iDATE:I-) 1;4V6• 19.•- CHECKED BY: DATEC14ECKlED: 1

&AS -r L •0,.

'too•''•E £•E-' v• /•

\,:'T) I. I



SouTMNiEST RSEARCH INS rlUTIEl
DEPA.9TUENT Of V4EGFT!C SYSTEMS$MEN.

COMPUiTATION SHE~ET

PRO.JECT NO. - 7097 -SP~Oms

SUB~JECT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

By (L4) ()ATE L2,4--( 19 CHEC00 By D_______ ATE.CHECKED 1

t/ Aj D.57t 0. ~41r ~ ~

/,LP~~~~~r /AI7; Aojb 7 O6C -'APA-j~

XF 
-r r

LA

,A4, .23 L,)G V4-~ ~eo~~
- 7 -~,44~ b1Z-CL



SCAJTMWEST AESEARCH INSITTUTE
OEPAPIThENT OF ENýRGCTIC SYSTEMS ASHETNO.

COMUPITATION SHEET O

Pmojec-Tpto.: S~o -OZ SPazON ________________

SULJECT.
Bly: *' "t6ý .J DATE: LjAýý to .ýk CHECKED aly: _ _______DATE CHECKZiD: - 19

46 z 3

1. 4-4

Z-, 5.71 zc 9Z) f!
1 53?,J//7 ZfI04 A 5(

z 64

___ - (z



SOUTHWEST R.ESEARPCH tNSTiTUTE

OEPARTM.EAT OF ENERGETIC SYSTEM4S b, O

COMPUTATION SHEET

PROJECT No.: -7 7~ - s"POR: Z L

SUBJECT. "Xx__-

ay D ATE.,'2.$/ý is CHE-CKED BY: D________ ATE CHECKED -____IS -

0-1 A ~
M 4L.ST/c :5 IZA/(W ?--Pr, O 90jrA-r i

*~~~~~-.447 '7 P.(X- ~ ~ s~

~~ XeL.J2

or- A. 4,5 4t-'5 4

~~~~~ý 5, •iZ6rý2, ez P ~~

507ý '4' Z,,7 "6 -, ",/X

Zc -;C-zLE f/-r6Z,/



SOUTHWEST RESEAMCM WISTITTE

DEPARTMWN Of ENERGETIC SYSTEMISNo
COMPUTATION SHEET12o t-

PRtOJECT NO0.: 22_ __ _ _ _ SPOeiSOA: LFE f, L
SUBJECT: P [a,.4- r) -o
BY: MV1 l1-r~LY DATE: Ll 19 1 1 CHECKED BY: _ ______DATE CHECKED: It

U'&LAJ~

Li t,"i-143,- Ad -) ;f G - &

PZ L) LI )r gy 5,4/777Z P/L A.' JLH. I-ft ./p L.IA&L. r AA.

.5,q

I~~~~~~~~- LAo ILS~ ~Wr P~/4~S.~C,-r d.

/~~(ZbiAJ L p



SOUTHWEST RESEARCH ONSTiTUTE
DEPARTMIENT Of ENEPGET;C SYSTEMS SHEET NO.

COMPUTAT1OF4 SHEET 7o-B

PRO..ECT No.: 2 7 C ZSPONSOR: _____________

SUaJECT: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BJY: ~'DATE, fl.ML 19 2L CHECKED BY: _________DATE CHECKED! is~

SA -

U 33,ooO0 <

Wt 315 oe D

5r) 4 A-r -rp A; ~ l -4

AA 5 Pt f~- (1-- 00-1~, 4  ~1-~W/~

L ,41 xe,



SOUTHWEST RESEARCH .NSTrTUTIE
OEPARTMENT Of ENERGEC SYSTEMS SHEET NO.

COMPUTATION SHEET __b-oF

PROJECT NO.: !'YZ 7 • . sponsoR: o _ _ _

SUS.ECT. - Týok- -

By: DATE: 19 - CNECKEOBY: D OATE CHECKED: __ 19

SoP 5 rtL. •%:a,.O •- .• •1

v-407. t
33000

* ~ ~ j4l PZ tL~. ~OUJIDECD L4" 4 I4 5oz-7

1,r-5rf-; liT (/.5)/ 23E~~>3

WlL 365 -rCU

,2 .•''E :0
+4

-.- l.7t 4 7-'L? ~ ~ ttL Ar

* 7?/6 C~4~7~ ~'A~77~-d 5/~c~' O~7/4



ION

II

LL-J

-l La
CM v U~) -D L

It
(\V CQ

CD~~- -L I.. f.

*U') v

-It. It It It

-~ N it Z U- 'r a

..- J '4 * U-) iI L tt - (

C- Y - 0L .

C L=* 0

*~< 
L j

IM I= - j=-4

O- U) C 'L a 0-

* I 0~ ) 0 -- LaOZ
0j) U) Ua Lo I = ix

LL = w > - c w C

0~~ 0 'L r

0. CL WE W 4

0- c-' () L U In L 0Wa
-- La -- C)~ " U

U) U) U- Laý U)~

I* a.. 0ý=

-j -I U- IX wt0
CL wj tL W

1.. -AJ -

CO 1 u >U ) (I-.

LUWLU U U c ) w w-
(Y- Ix t a

U- U. Qý ~Lf
uU U LU LU LUm 

LUJ LUWiLL

=z z = Z=0 = ==w

Lw w U w U LU 02 ,jOw



It) CuJ Cu. N -C W M
WN v M M - Ww0N w mMqu-- eq0M-) Wrl0acoat ClN V NM

m. -u w? w~ m~ m m. '0 Nu N0 Nl v- Mu r- vl ot -0- 0 04 o. C- 0? 4,0 0
N. m' IIN cv - 0 N w- 0 Ml W. vu Cu vu w w~ v' 0 m 'C 0 m - -0r 0 .w

Cl MClm Nf r", CO' u t u'.0 0 ?0 '.......C 0 -70' Ia) '0- ' .

= D . . . M %J11) '. NCo . . .MNC-ONuNNO . *
C *CD N 'N V M D a, 0 N W o 0 .COWCV W ~'m ".00O N W47, O U)A
$- '?NLN ma 0'.0.in. NCO 0-RrNf00N0ClN N MO~ln-W-0'.0'
0N WVOMO N - MON- WV OO- %jN 0 hJ N0 N 0

Cu0-C-.Cl-v -- V? .- mm0Cl0-MONCN ww '?C'J' -'-N -r-N \.
(N) vmoO~ul? oCru-Nur,?lwU'C.u.0J r'
W m~mnmi0- - - - -- -- u)liI I

at W N N W. In) V1 MC Cu N -. 0 M0~ 0 r-. N '.0 It) '?'? r-) (u Cu - CD O' M' 0
IA-.N MMO' U)-rI- MlO~U). . u0?0'0C into'. C 0q- W." 00*-
N U) Nu 0N ut l M00 M, nl -M '. WW - M' W.' v hrý-rCJ0f- 0~ N 0?C N" t uO
N w' vl- 0 N'a? r- n' C. Q' tl 0W '0 '? -M N U' C 0(2 W. Ml- 0h N In) N

0 00 Cu'? CM. 0'.Cu N. 0 "tr Cu T N0' Vu' Nl- 0'. Vu N ON. CuN '.T W" M~ 44 (M0 -V'
W w 100M MN W Wn v M M li 1 i a, O -,0)N.- tD "CJl u'- im . i o t

o Qa,- O 's( 0 ) a fll llin0 M wo mm WW wWN N N
m DwwwwWt 410 www 4ww 0ow D zww k '
M l~???????????''''''''''''''

NWMU-wor

SN' U') 0 0. -~ '.0' n -0 W'' C - - - Cl W - N It CON Cl W .0 0'.' 00 '0 kD '0 1
W '.0 M -0M'M 0. Mt Ml 0".('1 CD W0 0.) C W'In'.0 ft -0 : 0. t Ck N '- Cu 04 '? 0"nIt) Cuj '0
vC Mu N2 .' T) CuN -0 C - v? 0 N C W uj 0-0 - N C- N\ Cu~ Cu\? Cu N N V' Cl
WO MT' -.-T M M a,' M.0' N Cu 0-' '0 I)0:1' '.0 W Cl Cl Cu N Cujt W Cu '.0 '0I)
Ml 0 0' Mt Nl Cu Q.W- Nu Ul VW m 0) Ml' '.00) 0 Cl M Cuj nt W M - Ml W.0 It

-0 n N l 0NO'0 0O Cu u')r al 0 It) LO? U')' M .kD ' W l N CM '.0 U) - 0 N \J Cu n r-'

0 -U' NN r- t)? NCu0 u U) t)Cu C C 'CO 0'0 Cuv 0' w t) N' 0 Cu N 0' N'

................................. .. ;00000000 . .. .. ...

0000 ~ ~ ~ ~ MC Cuuuu\~-' I I I I I I I I OP-'--4CNN

'.0C0)' %.0cu0'? t0('j0'? Zkll'jwl'? '..N0' WNMV0' %DN

W 'r% 7 'k -Csr \ 00000000.0r-0) W M0 %D0:) rl000CO00

5-12 2



v)a)/

r- %D

N CDfl

1r f~ \j CD

OD 04r
SM u-)

W 1;



CLj

(M~

0 (f

0.. r

L-

030
a. C

5- 1

-J

o0

.. 1. -0

5-1.4

- -



4I

it)
N ko C

1-) CD m.

Nl It M

-- m~
4 

"W .

M. Co -MI

t t) CD m

Nj LLI al U It t

LOJ if W CD CDI U.

- d N ,.c C- . CD I-- =>

Sti C)

*~~ (n ti, 1W

0; = LL. I.- C- -

to L) U) w' -- 0 -

0 = Lw 0
I.- I-U= -. I -W C.

-y ) 'I 0- a

C L u O, L .. w-W 0

~ W C.. 0 w an0 ~0 wo-

Ix N W4 CL-j1 0M >

n 0 u .... .4 w Li. M -
_j - 0- C) Q 4 U

<r 004 .a w4 - 4 0 f

WWWW W 41'- W a'C'

CD W

w.J i W W CD w ww~-

WW w W Wi W nC Iw W'-=

5-125



M ka coIna w ko M fm- w ao r
C7 IAI N10(h -V Il'0?0 r- O, N0-NIN W M 0 17 "oN 0

w )O -MM *Or'0 MN 4 .0 0 o0 N Co r-I0~.- . M "1 04n0*in

M) V S)MO 00 " M ~f- " a 0 ,# 0 W12 rý r- r('l'?¶?0 ir G

Vn CD N 3. Ch 0 N 0 *~ CD CDCMC n DC r0P - W~~ W' O'N M'O' 0'qO M' 0 s~-
Mr- W) C14 a -0 'rD r, 'r\_ r0. N 1: M 0 'V ' -o w 7 %o 'o vV 0 to 0 r ') M N Lo) - IN-

C 0 00 . ' N 0. . ' . ? . 0. . ' . ? N 0. . . 4 I . . . ' . .' .? N . .N .? .~ . .' ~. 0. . . 1.

0 0 ' . ?(SI ' 0 N V)' 0 0,10 t'. -'00-N(y cj N a% eI"')-aN N (h qrk C ON In Vn'
-0 Q -0 M ( 0 JO k In 0*)'? m "4c~ - 0 N ý M' I,- t-. w' in V . mo - -N 0~ a,'4 M' co' WN0

4J ) M .w .M - 0, a' a, at' Ný a, 0- C(7 (7, N'1.' 00 co co I"cow) N o m co em w.)' 0 e%. P, r,-

Mn Ni Mn M' MN NO W DN .CIn Q 0' No in '? Mr' VO - 0 .0 to M' ON NO - '' W' r") M In

0.. IN MO,0N VMMnt..00n WO rM'IT 0'.or')0N V k"4MMUnI0.7'I

N 0N 0j - W-T-c '.IN ' '.0('J0'r N.(J' \0 ' 0' C% a.) NO. P)o OCD IN

N k- M r-- - -q V~ v



a.) a' a' - o, w' (\ e ýi
N O O M -N kfl M'-O

N vr l O N U-) CC) CD r) (.0
W~ a) '-~ ' ~a

a'~~~~r r- kD - ý Oia NN

D ko %D~ N. a' w w w kDI

in 4 ) 'k O F. w a,, tn r, rý

w a' w -T N O M 'rC kOWI
m N v N) r-' M - -r 0%
M M(\ V OD. CD N em) M~ ~CD a' N

C~) N M0 M) V~ V Vr'T

aO-.' N N N en V ýDCfla

i.% 4r ft'? rr) CD Oj '? V) Lt) .O U
a' W0 % ?i0 W~ ND W

a' o ' a r tON ' NU)N



-CA

('J

o

50 CD

tL
-- 1

'Go
0 C CD

co0 D(

C~0



r- i

m wV

N ? w
N f-.~ - ar) if' W

it 000
M

w~ a'. l it
11 WI W O

1J)~~~ U,-)O '

W. N Wý CL w CD):
a* = - =)0~

'-z N 0- -D.

Im a-0

oV fm C ~~~~A u >- Ct

0~~~~~ w = Ix. - t-WZL

N 
0) w . L

<- 
a. X- N)W - - Q.~

LL Z CL 0 Lo ~ (fW

- * - (J) LL. I- m 0) wa.

-ýJMW CL n Ca CD'1 Cl UW

0 LO (P oz 0.0 LI) Cm

n ro C) -i LL0 a = 0 y

-j a- 0 j Q. c ý0

I CC

'1- w -,I W CM L

~ Z u. L - i- w

w c M CX C- L C1

WW1W W W - 0W W-=

- z ______ -129

-7 -



%4 mNN

N ~ca oOj , kl ra.N% nu -r a'.)J. 'N~ 0.1 t M M w i

III %D v i -N 17 o N M r .CD ) r, 0) M n '? . . N W) (\J r0 CD N. - 0 s tIn t

chto(J ' ON CO WT CD 00) toUN N M N' NI .0j 47, N~ '.0 M) V) N) UW) L'" '- (NJ - Mi V
WA M - N Mi CO MA -'T N ni cr -rl N M 0',3 N Mi 0'1 VA - Ti N ' to -*.Nr

mN- w -~ N Ni mT' 0 - Lr-A cj - N -~ -I -i o3~ LAO "D em Nn Tj to' vT rA-
00 ~ fýinr 0MC nO

co0- to m* r- u.nO ^ -rJ uTi,\ f- U N. rO - "j riJ IA U- < N In0- (\J T
W- u) m - tm to Rr cTiy)ir- u-) m No co o W)'?Tr-u)c\j0m0%" 'i0N'.0-as-

Lo - r- mm u) -r- n o, u -r.-NNmNa,,.u r - r-man - t n - r
0' DA M I .- ) ) r O C Tiiiiii i)ii a iii~~ii LOC)D ,m Tic U)-tio

U A' CD C N CDa) l ON0 Na ' ON iO LAO Ti't CO0) NCo "i OA IMC .0C 00' rT- r- N r- N' P,

w riO -M 0a$A?- 0' ' . '0T i ('\0 '0LA0 U') 00(' Na

W VWMM0NVON IA - LO0 IT I1 -' M LO rTi 0A (M '.0 0,1 U-) Ti -0- ('J a-0 ON 0'I '.'IT

Mi M.. WA' 0,a V-0 IA r LAJ .J r (M N M'. Nl (m 00- 44t-N NO a). 0' 'J0 - \A N OC
U') '\ r-O' Nl -. kD '?Ti a%,, rl rA Tl CO ID vONM- COO -i - (NJ k C NA ai t\J -`,D1 "It CD
cpu ~ o-I r-('u1a r a'. .o -,m oo cf v f,) 'J 01 C'J TiWCO V ?T- -VWU
m Tm6 i i),jrr)r-6,r .00000o Im -(-r(1jc vNt -w

- nýjr 00 T -~~T r r 'jr)-M14 u)-n,0 kD r, Im w O- <\j m u) m (j - m N

PI)CD , rJ ( 1, -aý - N - ') - ) -,, 4' ýrN Cj '- C) ) WC\ f" to0'1U'

0q

000"m - - r\J I*%J r'4 IN "N~ Ti) mi Ti) M ''v Tr ?lA IA) L) -) U-) Q. .0 to0 I'D
w CDPMCD0 CD00CD0 C () D0 CDCDCD D M00 ( C MCDCD0 CDCD(m I-

5-130



-ID

IIn

*i*

m CD C CD (

CD UlLO CD LO t

a-0C-jau=W=0

5-13



-D

0%!ý-

NN

kD 0

-D LL , III'
w if coJ a) N

If I. It It ri w
-1 U- VL).i

U') it~ 0 WDI- o
1.4 0--j - II

Ch0 = w CD ~
Y. lz 0 0"

C z 0 x C -Q

w w, -r -- - W Q C.)

0 a = tno o
l' W - zH oII- N

0~ I : 0 -u. - CL Q: N
a~i) e- a . Uj * Wi

a: 4w a. (Z <r CD 0

<r C 0 a_0 ( 0-

-i a. C)c. ~ U) a. > .
I I- w U7 U) LA.. 0 -

tn wo V) (nJ 0i =- LW

(z Cr - '... (Z <7 .J W 0OU

x W -

x = x = Ix 0 = = P-- W
t- P-- U) Ix I.- a. 0 a

~~~~~ 0/JW Q.* 0 ~ Q 0
W W U) U) w WI CD - ww

O W~ W 0 W.. U) W- 0ý W



Mj . " 'qno . .~ .i . .'. a' -N . r- C. ' r -

v, r or- r i a' r.- o:n r, v- cD o '-o.oDN rij m N

T- 0''tW)f ti O~D(I OolN

N m-PO~ -a-(. CD kI Tr N 0)NU) I)0O D -- ýr N

o o-, N- al a)i cz o6 -r - r- r, 'ci-.,.D t-. u-)~ u-iun -
U,- N 917' U' -M ' - rl-M q 'i) r- r')Il )-r

In -~'aaO W ,r)0 ra - 0 l ' )C D-r
C4 CD .D~-. .

0 Dc e-) mrui)r, - r )r u oi m m m m u) o cpririrco-

CD (S)- CD; tio(Dý ~ e)i DNa Dýc )wr

-- Th '

)< N.O't' U) C''.O ~ - D--l D
CD (, - v - ) O(J( Xr C M'2U J TN L

v- a ý Dt -oo- F, -- o ' in I, n I , pu)i
0 ,Wr)C ' 4ý ' NMCJP )ý )MCI ýO

a). (mrN0.2qr o ocD-Noncot -rr k :-c

cor--w)encj -m ,,i- o D(% - ( M ' WC' D0L

7 cy MV Chtz ý M ID a',U')N r CDr, a, ý U- r-,, MV i 0-

O~voirl)n r-DcoamtmV
r, M - a. ) NN ') I~ ýDCDM -133 M TC MVC '



-I

In

-3
NC3 co0

- w

5 1



SOUITHWEST RESEARCH INSTITUTE SET.
DEPARTMENT OF ENERGETIC SY'STEMSSETNO

COMPUJTATION SHEET O

PROJECT NO.. -' ~ SPONSOR: inW~

SUBJECT. 
"2~

By: 0 ''-DATE: ýr 9 q- CHECKED 8-:\imt~~ DATE CHECKED- 19 ( 'It B .

7~4.4 L.zb CS kcemW A E A TL CAFre'b.r

AJO-e~~~sAls -Aw rr * ~w ~ ~ CoO Yr.i

om"YP rAiL -i'e " tA -iP -A Ci k ItE 'r.S 47

5-135



SUHETRESEARCH INSTITUTE

COMPUTATION SHEET 1 OF~L

PRQJECT NO.: -0 -7 092S"OSOIR £ & ________

sue~~c': (' 6' et-euI - -3 ; MI A T cK
By. 0 AEaj1P CHECKEDOBY: -11/ DATE CHECKMOý: *'--I

(R& I ) I puVF P1' F T- IV ~T~4 E

-30 Oil C2 t&~2 3. IQ ~i~I

HI A5cfl (f A.5 Cc~/ F-/4,o-Vi~

::2- 9 :-4 e- 2 5-1q 6 T3



SO~j rHWEST RESEARCH INSTITUJTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO,
COMPUTATION SHEET lOFd~

PRcUECT NO.: SPONSOR: . C
suSejifc1T K0 0F 1) ES LP Al /~ S 4 &I FtL Lk~L /4I~ VF 5 .
BY: h co ATE:l 3 Se 19 ILL. CHECKEDSY: ý)jnký DATE CHECKED: i. 1)

rRILK A, 6a) A, c) C~)J~~ 0 sI ,CP

3.5-s- 31. - I
30 :.j 0 0A~i a2O . .iE~2$

3 1.36 115,1 1Q-6-1163 .2-).5-4

q 2 41 -2 -- Il 12 3-3

I.t

3o /,6 3.C y r z -200 :231 ilLP!54

3(.' /.33) :? 1 Z7 IL 1 :ýf

3•cKA P-) A,O (F 5-137 o ~ , P

*1 - ~ ~ oN -L - - WL____________ _ L ) LOA



SOUT1h JEST RESEARCH INSTITUJTE

DEPARTMENT Of- C4ERGrFTC 1EYSTEMS SHEET NO.
COMPUIATtON SHEET 4-OFl

PROJECTNO.: -- OT.' _ _ SOI4Q CE L
SUB.JECT: iF/, '__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BY:' 1 ~5~ DATE ZLSf 9  CHECKED BY: 4M--% OAlECHECXED:U,'rl' 19-5--

____ iri~ Ic-z Pc 7 Dr oo V000

LJ

aT T1 0 ir j/,F

lzodE L0U4 i-AT cr I no

0 OJ-A

-/IV L 0ri 41 G HC 2T 1,5 3

337

12.) f0Y

7H"')g (,~'Ri) [14, (k f>) '576H c-7ýe1 I-.0-

7-iy



SOUTHWEST RESEAACH INSTITUTt
DfFA~rMhENT Of EMERGET) SfSrEMS Sb-.EET NO, 1

COMPUTATION S.EET L f h

SUtJECT. POQOP DE 51& Al-s

syL 'I.I-01 915- OATEr~lf3 19I 6 - CHECKED BY: OATI CHECXED: KjrI~Ig ALP~

.33

-7/

S7. IT ZE,

I PIC AjiZg .s3'-9 A,' CheI-L

-7v o~• /Ie



SOUTHW63T AfSrrAR.a4 INSTMrUT!
O(PAiRThINT Of ENERGETIC SYSTEMS SMEET k4o.

COMPUTATION SHEET 4,O

I AJCT NO.: o2-7 7O1 S"~Soft:____________
SUIUJC7. goo~Q* F D~ IF L V5/
BY!:I3' 144f DATE: L336SP1 f' C141KEO BY: 14Ittl D ATE C)ECXED: t~1Stio

T__ " Z" I~N __~AI L ft~s7-

7v L2O/ IV $Ime LDo IV eR

8"p I7 o T 9 / ,3< Zen/f

i V VA11IFr) F5A z- s

5-140



SOTHWEST RESEARCH INSTITUTE

DEPAR'MEf4T Of E[NESETlC SYSTEMS SHEET NO

COMPUTATION SHEET _

PROJECT NO ~ 7 L -- _L SPONSOR: C_ _ !E )e L
SUJEC

T
. /' I_ _ __ _ IVIA-___M7 -1

BY: f ? DATE -:Z2 f 19 Xa. CHECKED BY: DATE CHECKED: 19 __

r.i - 0- A-- - f l! -

.- _ _

LDW/ PPE55 4,4R KANCE

"h A., -.i. A -A.. A. .- 0 vl•

'44

el//

7c C. -A

SI IN i9 -i
24vF ~ýY E r1.3.h t- eA'F7e 1.2Tt~L

_30 -?- -V

34 33 '13 *A ~ q,

'7' S-7 1.-7 -7&i -7C.

I:- p ELI, , - p lL



SOUTHWEST RESEAAC14 INSTIUTE

DEPARTMENT CF 840GTCM SYST04 SHEET NO.
COMPUJTATION SHEET

P~war m.:-c2-79 SPONSOA: C.~
SUJK:Rc r - *56V 5- -7,ý n8,Li ;: i r c7

my* O D ATIEZ--SAf 19 r.*2. cmicECE sy: _______OATE CHECKED-. - I

-sE4 ReooT DF516"s,5 i~t sEret': PoJ LOAeD)piwds A'-0 07#+1

5i t4-9 fi - <r 4 -

m riE FDLFI P-0 m 3 ,x-7 ' S71 VS',

:Ott
s~. *3~ IT, ~ .O1

:Z')7 e-Ovrg .M5o*.T %Y'

1r Hice~ A5 4 5 it) OARS Ascv) IA (r) s o#otr AL? A,(L I o)
N) LO?~ A.DCd- I d .I. LO' (L ) w (- L j _X -rir T. o

T'7 t -5-T. .7 OP
C-1 0 471 lafo . . 1

__ 0_ Tiý' 4, L - t 1j'r/0

157 0 1 ' sT7*

3 o7 II.- to

Per1-.



SOUTHWEST RESEARCH WsIn-

OEPARTMENT OF ENERGETIC SYSTEMS smffr NO.

COMU~tTAT"0 SHEET o

PROJECT N2O.: , 7_- P' SPONSOR: _-_ _L.

Isue.ET: Koop e- 'S 6 Pf 17 O2L /ý) L4F M' Af <1J'fl: • / QJ, L • } ` DATE: -119 F-2 CHECKED BY: DATEICHECKED: 19

7 4C V A, CI) 8g %Cf) A.5 -) soT As CrL) A(~
LiiZ' 1, 1 L.DUt LV AI LL-) Tr js T T1~L

1907 10 1.2 IA 19

7mJ

~-1 '.



SOUTHWEST RESEAACHMISTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET 10 OF

PROJECT NO.: _•• SPONSOR: C L

SY: A•, • •-i S DATE:II S"E 19 CHECKEDBY: __ DATECHEC XED: .isg....

0 0 0

"-U'7.137qo 7405 s0
.0 ,2 3 j9 ')L7 07 51.'.-7 45.7

37"-7 / Fr . o,7 '-s.7
'-0s" .3 ,-3 • • •37P o' 1 o.2 c'i,

1.. 0
Pr)'Y-7:2 4,' 6voe~ J; Lv'41•' "e--72 'Z W)" ,.. M/ yc•' tot -- 5• r"os e - /t--'.'T $+ Ti

I ' R .. ..
* q9• I. o8 ,,I I• /f -I•o .1

F --

,,4:

e ri .-. A, Cr)u A. i Re I IT I I I I)

Aj-



SOUTHWEST RESEARCH INSTITUTE
DEPARTMENT OF ENERGETIC SYSTEMS S.'1EET NO

COM •UITAT)ON SHEET ii._OF_

OROJECT NO.: () &O-" SPONSOR: CEPL

$UBJEqT: ~ C%~
Iy: r, 0 t • k I - DATE: Pl se5. 19 CHECKED BY: DATE CHECKED: 19

J'1ýovcc L-oriJ- 5,pE) 3 r- oV E '#op-T 51,C)

T . ,.ý : 0 ..LLa T

'E P TH C 0\, FD -p 1i

,,T))

' ii4 i- .

?13 / W 44 3y

.2

I I) i



SOUTHWEST RESEARCH tNS1ThJTE

DPA.RTh4ENT OF ENERGETIC SYSTEMS SHEET No.

COM4PUTATION SHEET / or~

PROJECT NO.: o2 C~SPONSOR:
susj~CT: kOo F DF1 /

_______ DsD (~t~ ATE: tSfic-rlS 2 CHECKED SY: DATE CHECKED: - 19

*2.S e.
sss /0

~~tj T/4esr 9 ~E-Z C L C, LIEA 7re D oe.A
PrmeT e~ e- Co. Lq t LOt og%-14?izr- /m-pPeCr

~ E4yf / X ~ 'VL)q- :so As 6ow

eserc.4m LL Y F-o~ g~ A -vq 5L)+

9',3 -L3 4.1tI
73,4 * 3.-. 1 20)929

q 3,, t ,37712

a 1 0

Tý+ I e 5 )A ýr) K7EMP~ Trm e

y. (t 7 *L e I C, 5-1 'A -7 ) p la LIZ)-
A5-I(, &oate)(r74iu.w /Lp) -rm' T?1¶-i300 AAA -,jx4

j:P,-. f ~5. OAi : 4 SAL : 14 -.'7

5-1-46



-J

SOUTHWEST RESEARCH INSTT(TIJT

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO,

COMPUTATION SHEET _ 3_+OF

PROJECT NO.: -_ 7 -_" _D _ _2 SPONSOR: CE L
isuBJEcT: .Q•. PE2 lily
leY: L PIi ,DATE: e'_ CHECKED BY: OATE CHEC.EO: __C KE9:

4~E55 (P5) __1mc_(______0_keEo

o 0 o

- 0

.r .T -,.-13 0 0

5 17 5-7

II

o o

Lv',) ~ ~ J tv'/F7 L -3~ 1AV-7) 1L* STL

5-14



SOUTHWEST RESEARCH INSTITU

DEPARTMEfT OF ENERGETIC SYSTEMS SiHEET NO.

COMPUTATION SHEET 4- OF

PROJECTNO.: O1SR: c-EOsue-r P~oorz ... • /v..si
BY: • " • 0 • OATDAS i' CHECK EO: _________ OATE CHECKED: 1 I

0 0 0

301-X 7. 23 01 ,377

k, 0

•2< /.L13 S201)4.2 / l.:•o9 l"7e ,oe .

SA VYY3 7 ILA A f-A - Iiit FT"

I T IArEL'YxL A-Lt A _e$ P-0 P APt E
0 Ir 1; 5- 15- 7 9• ..13 '-1 . -( . 1

10 -IT 7ft -7 f4 ,K.336 I3,1 -

A1 -9.7 r, .

t,-7
,31-

V, -7,

5-148



SOUTHWEST RESEARCH ?NSTr'UTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.
COMPUTATION SHEET OF

PROJECTrNO.: I 7- 7 0 SPONSOR: L
SU c) : o r- tIE ý6//6J-3
BY: M AL .' LL DATE: tý..• 5f 19_f: CHECKED BY: DATE CHECKED: 1___ .

_ ___/ C•,8,XqL) A7.7,A "L) CoA-

-7AIc ie) ~ A,(P P)c~ ~+

1.30 pE r T7--V-0 - <P'l

~CAT F ~e~ ~a n P, ý;,T)

z 0 '.o 1 o -2,/

'F- P, S' X! P/-Ir8 = 37 T7

A- tS 146t-ýFoý!'I

15

/5-7 !; 7A , 1. T0-2 , -
o. /'4)13 0?

P;- 2" 0 o o rol z %39

2o - 1-ý 1- .0' 7 0, - t'o "- 27', t

-2-I 7f' / 3 7 '17,o o q ,.

3,3

/ 0t "7i K7I .l o " I " ~



SOUTh WEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.ý,
COMPUTATION SHEET ~OF

PROJECTNO.: 02.. ',?'Z SPONSOR: C L
:SUJECT: P-00F DE 51:r5 1/
BY: e- i 1Q~J -..... DATE:A-f 1g9 '2 CHECKED BY: _ _______DATE CHECKED: ____19

T141) 1- A8~ e js AP) AIp, -5Y, 0i5,(F) [*~il- f '*e
li. 07  ~ I J~o< 11.17 -'IleOi J,20~ 1 ei

0 -5,)5- 3!5-Lro £5,' r 0
s--Ia '71 y .3-:1 1" I'rP-

~2O2~ ~ -jj7S r5r3% o fa 9o

40 4)/

31.

-71'7

L-s kQ 0 74/ A, LL- i-4H),o(5

5-150



-j

II

SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET .. ,L.OF Fi

PROJECT NO.: C) -7D7 SPONSOR: o-z

SUBJECT: I Z. C "A-e -LAf 'o.,J. .

BY: .. -.-- 4J DATE: 9 S -t . CHECKED BY: __ DATE CHECKED: 9__ 1

" !: @•7 •7 .

7Ji- 3eS{Gr 
-

,1 -

r,-. _ r•_,.,33'O- (-455I 7o.3.!.

S.................. ..... ... Io•,'-5I

u,,,-.

N''5

5-151



APPENDIX 6

ROOF SYSV24 COIIARISON

6-1



50VJT.WEST R't-qCMi *INSTITUTE
DEPA"ThEN-r C 4GErti SY~STEMS

-POJECT P4. :)7 41 -7~ . ___ __ __ __ __ __ __ __ __ __

SV: ~~~. Ale~~ 1AT 19~ CM(CXE my: D_______ ATE CHECKED:
5

-- It %L2.

~ toat

77> AAJ 6j8itaA lý,t~4tPr JM-?PA-r or A -747. A 4,* Poo--oa-J-

COA~L?, A~ C 'D AA4 T Aw Aec.k Avcs..j zr o4= zwwretc

Co~~~b -7,4;G 4oR., se--P~ A<Lo A~ r.*A~ C &

2WOckx P0,j Aib A pmct A.v. CLU~.J " P.., co.&

~~~~ j~~~'

62

N- A



804JThwUT RESILANCI mNSTfl UT!E
DEPARTUONT OF 9400E~CM SYSTEMS SbEIE Poo

COMPUTATiON SHU1 T

Ipotojeo 1O.: -7 ft 7 Spoot450: _4XL__ _ _ _ _ _ _ _ _ _

sw!WT A rrmy C.eA~a.b" CAA.Ce
I By: P3IMjI3.5jj DATE:I 19 to'~. C~IOCKD BY: G A-E 0I4EC".E:

USIME. A Lu *or AW-A49UU bneva%. a~w m.v~ a-5j

abc M..pf& ^b bgwm~&Mvb

AV G ra SLA S eI *Ps &'M



SOUJTHWEST RESEARCH MSITI UTE

OEPANTUENT Of ENRGFI)C SYSTEMS SHEET No.L

P0OJECTrNo..: L S"OSOR -

SUBJECT, -AAr Fym rw.-. 5t!eAxfA1 * -

BY. DATE: 12ANC it t.2-.- CmeXECKo y O•1! L AT CHECK9O:D 5 19 0-3iLJ

AW U&b*.4&1" g /PI.AV SPRfA.V* SYwImj -

S NMI ri% ^ b -n P"cw -VX jr &

A &I 04 cC

WIM



SOUTHWEST RLSPARCH W4STffUT!

DEPARTMENT OF UtGUT1C SYMTMS SH4EET Pd0.

CO*IPITAY" O# bW- IL

"POj"' Mo0.: ~ _______S"OSOf: a . 1...
6r DlATE, Z7N is -9Z.. CHECKED IY: _ _______OATI CHECKED: 19

ov 0R& kVL lhauNT is A 74M7 eJ *I r

--- 4 >- O O- J~ -

f IL oa PA.~T~G or -rN =

Su~,F P.~Ad~b~So



PIICTOSO*. T),WST RESEARCH INSTFTUTE

PP ETNO:- 0 '1SOSR a

t oo I

1? 3 377

17 c~lo /
:z

L)~/T zp 9

12-A e~k

~1INI000 5 PcjWn

-7

82 327 :2/0*Fo 3 OA

33 ~ oci

V7 7



SOUThWOEST RESEARCH INSTITUTE
DEPARTMENT OF ENERGEMi SYSTEMS SHEET NO

COMPUTATION SHEET Fr

PROJECT NO.: 02 -R ' -7 C s.'OKSOR. C-e QL
SUBJEFT: eEm F Pcp OF DS /V

B' ORkIS oATE:ZlL&K-4-E e:? ciiecEO ey: 0_______ n DT CNEcKED: -

Ce-os5 - 5~./ IA/

LOAe P OAJ(

)v "L).y
0 __________

.377 W/T9?Y
Ay 'o Fet

4 ~-ioo ~ 7Oo 000 9 Fly - riy.FD

ILI f1O4)- . t

Pvs41m6 Iýs 4,, S-p* )Q l los 4. 2.i)- ooJj

-2cy2 L, 3.Th 1 7, ~7 ~0

Ia3 29.
is 32 i.7



SOUTHWEST RESEARCH $*4STMMJT
DEVARTMENT Of ENERGETIC SYSTEMS SHEET N

COMPUJTAT*N. SHEET on

PRO.JECT NO.: - . SPONS')ft: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BY:a D ATE: i~v CHECKED BY: _________ lT C1.,KEDI __ 19 .~

~V E'sr's 5" 4-Av~I4.p 5t

T.SIS a .. a... d 4&f..- f--,- I.' - ~
-> dna,. --a1 ,rn~ni.atd rn-~e au COrcl th-i,. 1- =d . 1;$,nn,.r *~r~ 7, -44

- i ~ 4~'...d. ~.e , .. .c~.4'd .tc.l. .4 , .� .nd H, a. QnPa.4. n .. lh -. d mo...1

-- k -d I- -h ..- V-p.d-- -d

- * w, - ;3~ 4

- ý A'4 -F eF 0, P .

W. 1, 4. -~ F -- LI I A' n i. L-75 N 4 -

6-8



SOUTHWEST RESEANACH *4STfTUTlE
DEPARTMIENT OF 006FGETIC SYSTEMS SHEET NO.

COMPUTATiON SHEET 2O

Jay: A. , flO ATS-_/ 4 S9 CHECK') 6Y: D_______ ATE CHECAED: Is__1

1/ pqI WlA C~IE ~C-rIOAJ

-2 L 374 1lA .2a 44 o3tU j'4 L, '-5 2.

3 317 1. -211 -1* 3 531 'w -3 F7 -w.

-0 1LL30-?r 17ov %4 1 -1-731-4

-LLr7r14 :2Lfotj -t- 1441 -~I W -z 8"-t./

1-71~ -wEA FzT CD4J-t 3 s-r3TI t

M o I. oi Rv u/ ý -t~ + -w I -T0 n

3LR -LA. 3)lO -vA -Oru

I 'Z -3 'w -2 o9 r 3 -

40 P/ -w§'o-



SOUTHWEST RESEARCH INSTnITU

DEPARTMENT OF ENEPGETIC SYSTEMS SHEET .

COM4PU.TATION Sý
4
EET o

;P~tCJECT NO.: _________;3 Sp0450R:_- CCR~L

:BY: t rl0#k 5 DArIE: 1
7 ~~9 P' CHECKED BY: - -_____ DATE CHECKED: ___19.

0 0

0: C7/1< 1 RIZ11

J 1 ~~Is oYL'

FL 7- 0 t4 ,/

YP. -7

Ty~~ ir1 '

Y30, 1.I 142 /1' 3 'f. 5' )&105

40 1, 9 0- 1 7 g .5-q13/

Y 5 -FM ý4 --- P- ,6tl4F .14-)

-rf-EA-T~~L~(L T4"L0) D 5RA'I

F- 9- 110"6-107



SOUrnhWFST NESEANCH ,NSTtTUTl

DEPARTM4ENT OF ENERGETrC SYSTEMS SHEET .

COMPUTTATION SHEET

0-2-70CTNO. SPONSOR:
ýPOJC NO:-

O:U.o TýE:UII Ak~ig -f'L CHECKED BY: D______ ATE CHECKED:

& 1 es I F fif riQeOX Im RT710t 70 714E A//T'L PF-A)OI)

Po 9 4-V q #a e-H i x R AD I RL o m rEss / 410V 1.s

0e~ 0go ,23T SEC

S/ruL.EDON7 AM,\j - L~iE gA-DiI ol ,g-5,4

14 1 E ¶ ' PE IIO D :5 6E"TLviEE/L' -i-*?

PA/ 0' TO E FLAjT goo F %JALUE

_ _ 4 3

P ~ ~ ~ L 3SLr Me I *3S4ME 4 1 pt AC4LAFD rO

jo,1

I~t 4F 12.o

I-7 120

rFc;l. 9Ai PIC ~ sc LpP 'lI v r, R~ FLA-sET 4"D~IT P-0

56-CE T~(h~4 6-1 O ~ 'v



SOUTHWEST RESEAACH ISTrrUTE

OEPARTMENT OF ENERGETIC SYSTEMS SHEET N.I

COMPUTATIONd SHEET ___

'POJECT-NO.: 02--7 0 7 SPONSOR: CE L--
:sujr:i 'S-
By: , t l 1 -f DATE: f', " 9- CHECKED BY: OATICHECKED: _ o__ ____

MT1 LcH CF-~T FL^-S

T;--- , •, 6_gL") -• (.FUIAT) C

34-

F 4 STHE-E

- I p 1" 6--voP EtcLL - r64i TC T 0

.-7H E q3eC- -H - H-9 T /Lvi z. ar--Fs: 61

6-12 I
V



SOUTHWEST RESEARC, INSTITUTE
DEPARTMENT OF ENERGETIC SYSTEMS 4E11Tt

ipfqojeci No.: - ) - l IO - SPONSOR: C IL

ISUSJECT: Ar dý b c

lay: __________DATE: ____19___ CHECKED BlY: _________nATE CHECKED: 19

78 Introduction to Structural Dylnelmtis

007--

5-2

01 02 0,5 0.8 1 2 5 a 10 20

ta

riGVriz 2.25 NIximum rmspon" of eIasto-pisstic ont-egret systems (ur~damped)
du o equilater-' orýng.aIr load pulses.

6-13

4f



AF?ENDIX 7

DIVIDING WALL COMPARISON

4f



SOUTHWEST RES.AACH INSTITUTE
DE~PARTMIENT Or ENERGETIC SYSTIEMS 

SHalLOT NO.

COMPUTATION SWEET - Of_ .

PROJETc' NO : .& "7 q ... spcsofR: C F- lL----

SUBJECT;. i
By•:D___ _ _ OATE: 9IG • CHECKEO _Y: OATh. CHECKED: .1

~~~~~x c 4 "" t k( -s,- vt

- L-'

""' + e-o- c:-do,

JC C- Aj Ck r +~ c- o ' I - C e

o S e e 4,,,4- CA :I,' 
i l

. 7-2



SOUTHWEST RESEAPCH INdSTrT1JTE

DEPAR~TMENT Of EMERGETtC S'ýSTIAMS SHEET NO.

compUTAT"O SHEET.-F

IPlqOJECT NO.;: ~ - SPO Soft:

BY! D_______ _ DAT E: 6 CHECKED BY: ________ D..TE CHECKED: - I -

-f-x. 4ed Ok~~o~ ra. C), to/ k cel

c~e.~~;p4)v~3 -5b' C

c 4- Lýre



SOU1'NWESI RESEARCH INS~rv

OWAST~dINT OF EN9NGEM1 SYST9S5 SHIT NO.
* CO**ftTAM)N $MEET 0

SU@JECT:*g, I-hS7 LO A D-S ON i eyrcg * -- VID ?L.

jy 5 f1) R [S DATE4tL ~1* C3 C)4FCKECOy: _______OATICNICKID, 19

* PLA N v/L~ fInA /

h!34. lr~ 7 f"; 90 DOwiL ~.er 5 1 we_ /,rs oAim r'

FP.0~b M P~t,(oQi ioyPv-r eThc<#0#J AS P4a -7-,6

70~ 001/9 SEC

77-



SOUrNWIEST MCSIARC)4 W~STIT"T
Off ARThIEMT Of E?4ERGErT)C SYST!MS SU O

COUPTATION SHIET

P"OjECT NO.: ____ _____SPOSOR. El

SU&JECT :
ey D ____ AT!: -7 19S I C)44Cx10 gy D_______ ATE CNECKMO It

0.i sN

-5I I f
rt ss v-A

'~~A~t

17'Z777"~ - ~ ~
-I -, ,



1, 5

INPUT PARAtMETERS:

CHAROE WETOHT - 157.00 LB
PERPENo"ICULAR STANOOFF - 3 50 FT
PLATE LENOTH, XTOT M 1.00 FT
PLATE WIDTH. YTOT - 5.00 FT

CHARCk POSITION IN PLANE PARALLEL TO PLATE

LENOTHWISE DISTANCE FROM!
PLATE CORNER, XC - 0.50 FT

wILTHWISE DISTANCE FROM
PLATE CORNER, YC 0 0. 00 FT

OUTPUT:

TOTAL APPLIED IMPULSE - 0. 7544E+03 LB-SEC

AVERACE SPECIFIC IMPULSE - 1.05 P•3-SEC

7

7-6



SOUTHWEST RESEARCH I.4STITUTE

DePAATh4ENT Of ENF.PGETIC SYSTEMIS SHEET No.
COMPU7AT"O SHEET O

PfOGACT WO.: Z.7ola SPONSOR: 1
SUBJECT: r TýAg4-(Ar 4.4'ývs,

BY: L A________ OATL 7,/-3 is ;.2 CHECKED SY: D_______ ATE CHECKED: 1

-1j' rt-sr~ir 7-10EAr

41A , JI 4A -l Fepr,6 6
es~c 7- /.a ir~~ PC~i~~y

c,~'~r ,are Perap jProve OMJ~Orlo. GKj"V

AI~g r, cpri a8

d, /00 ce

5 I.p PaOlC ..

K' iso r A-ooLv ai &*-4rcT 0r M,& ,
.74 00

7G,~ A44s-aAn

KJ

4 o /,.Z 9J

AtEQf1f 4tap4&ýsuF
(c~d: ''~~r22J'~ ~ T~ Af~s.&)re Ae- ar:

C II)47-7_____________________.



SOUTHIWEST REU-ARCU# *STITUTE
DEPARTMENT Of *W*%iETC SYSTEMS SHE NO

COM#IJTATION SHEET OF .

PRO.JECT No. SPONSOR _____________________

SY D~. ATE: 19~ 9,W1a CHECKEOSBY: D_______ ATE CHECKED: ___19.A

.4 +

q -c

C 7/ J. - - 4-1 7) .

I.71-

,7-6



SOUJTHWEST RESEARCH IN4STITUTE

DEPARTh4EUT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHME

P"ROJECT NO.: -.2 7&1.2 Spc.,4SOR: _______________

By: L-41 k DATE: 192 I .S-ý CHECKED BY: D________ ATE C'4ECKED: 19__

T4,e6cer Tr,,c~.<jcsJ 1-4

4VLF1,46Z rAf#Aer /-teor ot 7sod FtA6dc~jr --ood £, Je~t c

ei, ~r 4~,L e- 6L(3

0 ,

=~ ~~7o - .9'3 f. (..o P'4"c 0 r~

7-9



SOuTHwEST RESEARCH INSTITUTE
OEPARTM4ENT OF EERGE"C SYSTEMS SHEET NO.

COMPUTATiON SHEET '___

PROJECT No. _______________ SPOSOxd5..

SUBJECT: A-EJ ~ -r ~ ~ i3S__________
BY: L£A41V DATE: ?LL. It.. CHE=KED)?Y: !)A I CHECKED: 19

.3oco/ ' /o 7o, , - ,0 (S.c 0) jt. £ oo ,' ,. .) ,.

3 3 4.

47

~~~~--- ---- ---..-0------ - I



-j

SOUTH4WEST RESEARCH INS TUT
DEPARTMENT Of ENEGET)C SYSTEMS SHEET NO.

COMPUTAT)ON SHEET O

•O.,ECT NO.: r_ 2- 7e52 sPoNsoR. _ _E_-_

su&..ic~r: 14ý-t~y T, AC1 At2
,q BY: ... OATE: 1 . 1, .L CHECKED BY: DATE CHECKED: __ 19 __

S74-, P -f 7 '0 .'S•P H c Eo 09

- foo~(# -7oe / / ). ) -

c •,o? -ff A.s<,.•,..)"

"s 0.4 /1

.0/9 . o

/ / Yo / ,,
Vs _ Soc. •o ' 0o

C 4, _G . . r.E .4 . w•r =- . ' /r Vs,;' 1,H 4 v v , AI D

) A

Ay

-7-11



SOUTHWEST RESEARCH #4STITUTE!
DEPARTMENT OF E14ERGETIC SYSTEMSSHENO

COMPUTATK)W9 SHEET _

PROJECT NO.: Aj- 70?2 SPONSOA: ________________

SUILJECT: #j' T.rSre
i B:. L-Al V ~ DATE: .&Z... i19 Z- CHECKED BY: O_______ ATE CIeCKED: _ __19 _ _

11'4C.A(mr &eVrA,4r,oý. .Z rr.- ~ A~j~ c .

V6,3ovo -C..

vs, 9.4 , U

4 h,. '16

7-12



COMPUTATION SH4EET _7_ OF-

PIROECTNO. 0Q -7 clSPONSOR:

SUB.JECT: r,.
I my: DATE: _?___ 19 CHECKED BY: D________ ATE CHECKED: I

_____ cWE ATE DIR OF~m OF __

If i CE

I A
.000 -- --

3,000

1 4 a 12 -6-20 24 25 32 36 40 44 45 52 56 60 64
~A.,-uw PE ,c7R4TIoNI4 T r0 SAt4O X,

7 -13



b.OUTNWWET RESEARCH IFESTM

DEPAATM4EH OF ENERGETIC SYSTEM A SHEET 040.

COMPUIAT1OtISNE Of

I PROJECT No __ _ _ _ _ _ _ _ _ _sp0pis0A: cz5

ISUSLACT L I~ t 2* Di

my: -I-;" t'l DATE: _____P 19 2. CHECKED BY: - ________ DATE CHECKED 19 I

4p3

'*(r'~~ ioc-- r +~6I±fcsr<o

I ~ ~ D ON.~c- ro 3 d i~~~+~d~~

vi I on J;

7-IA

~~c- , - w c - - -.~



-aj

7 II

i !"\4. _ j I o

I_ !

I I
I Ir

I .1 _ _-

' I

7-152



SOUTHWEST RfESEACH INSTTUTE.

DEPARTMENT OF FNEAGETC SYSTEMS SHEET NO.

COMPUflAr.Od SHEET O -

PRiOJECT'NO.; ___ -"_o _ _. _soso•: C--PLSO

BY. ~O~i• 18 ýý CHECKED SlY: D_______ ATE CHECKED: - 19

15MOU spa veS~- ,oc'r9

Lr--- ea.3 , r , ) • • e, -

-sec

-. d c. V P-H

NI ,V: "°'4m"°

" 11

7-16

F - 1



SOUINhWEST RESEARCH tNSTrTUTIE

DL'ARTMdENT OF ENERGETIC SYSTEMS SHEET N4O.
COMUP¶TAT"O SHEET /O-

IPPOJECT NO.: CS 7092 CE7L
SUBJECT: D/I~~~~/3L4 Z DLc'S i 4
BY: ~ f-7O, j DA

T
S- ý7 L9 e C)4ECKED13Y: ________DATE CHECKED: to__

11.4 )!ICFQý AiLL OE<5H(,A) C~ALCL-Pr1,tA)J5

--~~~A rnt~a 4 Pao~ /

/vil A,3"~ (o ICNTE. PLOO kr~mf LuA- /i. T I ' 4.:-

3_21 6-070 r-
-s 177 3t9 17 g:

) Jý3 o .2t0

L~h -I~~ -i~e~ ~-fl~ s!5ron s#R V1 r L

A Foy r c-4.)

,17 L

-A



SOUTHWEST RESEARCH fNSTmJuTV

D9PARMNTh~p Of EF4NE(iEM~ SYSTOWS SHEET No

COWU'TAT"O SHWE

"POJECT NO.: 0-) 701-2 SPON~SOR c -

SUBJ~ECT:- AII~ht AIL L iIN _ ____________

my: p~i NZ91 ATE:", .1"isLre CECKSOSVy: _______ ATiCxHECxED: to.

_______m X /'%'IPT)

G-77

15, 11..8Y

.7-f~7

will iiiii~miii



I..-

SOUTHWEST RESEAR04 04STTT1JT!

DEPARTMENT Of ENEAGETtC SYSTEMS SHEET NO.

COPPUTAT1oN SHESr

,P*OJfCT NO t*:7~ SPONSOR: _______________

BY: DATE: IXI'±TI it?- CHECKED BY: DATE CHECKED: I

NowA. V Y ?ý f-y 8rm 6ee" 6HT/r.7 ra7-ft Les's Vdetl41joV

W iT/F 7 w S @'gAE 5t~7io*y Ps l

30 q5 '1

,~~*i) a5 "' i.3

'• 9o• v'7.oI

3;.. IT -a.-.v



.j

SOUTHWEST RESEACHI I IU I
DEPARTMEN OF ENERGETIC SYSTEMiS SHEET NO

COMPUTATION SHEFFT

PROJECT No.: 0 -- 7c 9"-z sPOnSor: lQ 1t !ISUBLJECT:--tw C0.NrL A. A 'tE'ý fABY: D".. GAT'E: • 19 3 CHECLIED BY__ OAT' CHfECJED: I ,

r7-20

. .. , , i iWM, i I I I. I i

V /~~~~13Y.J V,2 (a 7..

~NOw~ De7~Me v itm le7RI TbTA L Pr2.frg ar
~~!~7JE~ ~ ~~g N4r~ some~e'rJ~wr

rdOW e4zJp ICION r-e-7EF
7CAd f5s 75 P of%-L

I ~ ,r t - 7 i-O-

7If

ME, ~~~ ~ ~ ~ .IOtm,111 w IJl, ls



SOUTHWEST RESEAftCM INSTnITUEM~O

OLPARTh4ENT OF EN4RGETIC SYSTEMS HETE

COAPUTAT1ON SHEET Oi.

PROjECT No.: ol- 70g SP004SORI: __ __ _ __ _ __ __ __L_

SuffjECT: tDI'4)f J .. ALL D IF5 1: /
By..j <j~ DATE:iiV j19 lr'- O4ECKEO eY: D______ ATE CHECXED: 19.......

.7CI

30. 3

8 / FT

F•e~ L wrA LAP.

~iT~ Lk+&r

9¶ PuT 9- 5 F9 I?

ToT P L7 lgl/FT



SOUTHWEST AESEAACH INS ...Ul

DEPA~rrMiEW OF ENERGETI SYSTEMS SHEIT AO.
COMPUTATIONd SH4EET O

PRO.JECT NO.: O27 01. S" t -L
susjECTý S7TCE Z IV ID 7',. ývPL-
BY: D.O4J ATE: L4 f 19 92__ CHFCKEO BY: D_____ ATE CHECKED: . 19.----.4

DE40 ~ P S7eC- E f?- f mN. 9 VT -iWL T

I-

w TT
m) ,iive o.(H oF I ~oF kW/LL1 Cxzlr 4rs

7H e W 'Fl 6-97- 4. P T,9F f 1-,+ T--5

WTh2 z ý Oc. &2 ~22

wT3. 4 LBFrOF DIVIDj"J6 WA'LL

J T(V 7HE c L F)V P, EY LH -,l

LA ATLL r FmT~ 'se- P& A ~ 4 c 71 e.

-22

w_ _ _ _ _ _ _ _ _ _



SOT4WEST RESEARCH INSTTTUITE

DEPARTMENT Of I•ERGETIC SYSTEMS SHIEET NO,

CO#APUT-r$TO. SHEET O

PROJECT NO.: O -701 ~ SPONSOR: __ __ __ __ __ __ _

SUBJECT:i- P I LtFD - [)I 'y1 0 1 6- k/ )t/-LLs
By: 1 J. ) S DATE:) 19 K2.. CHECKEOD Y: OATE CHECKED: 19

5i,,v LD To ro7"r0 7-1

/q5re TH F Lt/flLL 4 -05- cTiaofu jS ). LLCAS

S30.

'A430 )t 313)5 A
gf A r- W 30 A 3-Q9 ý.W3o0 'f M LA T w,"FT H51 P, D De 51 4rv

LO9 D. O5 0E-. ! 5' Lr.c7)H OF WA'RLL

DE51&N A) P A - E-c ) rsXT 060/1y FC- ýTb

&4~ SEEL 0RQ& )k ti VTP~iM iEQ'D 2-

-~D' 00 a ~ 0 /m

~-23



SOUTHWEST RESEARCH 4NSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATKON SHEET -7O

JPROJECT NO. 02 -- 7o . e~oq _ _ __ _ _ _ _ _ _ _ _

ISUSJECT: 1~D ILD Id~d.071,. WA

isv: M tO. 0- rl ) OATE.~h4:'-C 9IgF 7- CH4ECKED BY: D______ ATE CHECKED: ___ 19

DL T iu .0 -9m vf - +i c. e A s oF sTrE5L toLhTE-sT7F-ER7)V-
THE -2 teLFFEI q s~ A u-~L O(/E.

So'v-sI DEF, A !54-rL' 1 •~-Ppoi~ PE,/'1 0 ) Vo
-QLo v J l De~'ID w, r) WE14H A OF

~~vT-~~~~~-0 I i6 %L C-~~

z. iv '
1 -e)TLA 60z50L1

fLX7 3 ry 3-1

Ko -7

L- I5 'sO

4-( E's)' sF, TO 4L L go

ELA 57) L DC r- L

_ _ _ 7-24



-II

SOUJTHWEST RESEA01-C INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

CON4PUTATIO4 SHEET 3O

PROJECT No.: 0279~ SPONSOR: c L
:UsJT SA FT) ILLEP iiJ) ~ -L

BY: t'O. 1 DATE:Y .AA .19 .CHECKED BY: D,,JATE CHECKED: __l e19

4i •7 C

V ~~A eIA 1LE

i - 7 1.0
0/0 /372!

-75 03< 1092. V,

7P-p25 Cp .5 TH' ) )v

zS7t :5 TEE L~ tE L.'IL X0, F I

IV C ~ c ',-ý- T -

V'E~i\Muo ~~e~T -ZF sT( 1 aL elp T-~T O

1.6 STEEL osq $IV'U D (JILL STO?0 THE e /,1 CA/TI

So sTt -x RD.

-1 LE 0~.' P -N

1 1L 7-2



SOUTHWEST R4SEARCH INSTITUTE
DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET OF 2L

ROECN O.:0 70 7 2 - SPONSO: __ _ __ _ __ __L_ _

SUBjfE¶: IE-InjE ME A/7 VF. D tI V 1 ) 1 4L L
BY': L- 19~1 DATE: -. A-4ig ____ CHECKED BY: _ _______DATE CHECK ED: ____19

T- 0r1 i ( 1-7-3 Frwo "4t wL~ 'ITl4 :24 0 P S4 1vD

b. STE 6L- 0 f- ý2 5q O A, A/0 i qLt)IeD TOD 5TOF

W JIT 14 7WiO PiL - sE i 4/P-'E I " 1EEL $0 -6

L ~ sTEE O1 /47~

1:3~

P:)p A x 40* s*71e)P, WT 2 C) )(o)L3)i I (.oLL-)jý-

T'P -ogeCE -rp0 r ooo/V y

l -5C E T ' : V/ I7'L) S 63c•71Y) /t/ 175H, V 13 MML g

j.. ~47-26



SOUTHWEST RESEARCH INSTIT'UTE

DEPARTMENT OF ENERGETIC SYSTEM4S SHEET No
COM4PUTATION SHEET ; 3

PROJECeTNO.: 02- 70 2•? SPONSOR: C. P, L

By.: -O oy ,, K -ATE: T . -- Is ??t , CHECKED BY: D.ATE CHECKED - 19

LlS -5 TElL I'$- -, P T4 DETE R M IA/e RE 9LI) kcD

~Y I J/70 j 14jI/A, c.F 6.T WIL L

ý; • ,,/eL 4-1 T'7-o 1v '

1~8"

S

-' -

5TEE ý.. P" p -r!,L

TIl

7-2 5
7-27 s-,7 ~O L

S' .-S



SOUTH4WEST RESEARCH INSTrT
DEPARTMENT OF ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEET OF

.P14OJECTNO.:.~ 20 PNO: CERL
rSOBJECTz k~~Ep/'1E4JT ;8~ rrS~lOFI v )i 1) A/ i4 L.It4 L

lay. . MOIR1O?.I DATE: 4-19 CHECKEO BY: _ ______OATIE CHECKEO: _ __19

LVOI AT r-LOOR 0 P, /YF CT I c/V

g~ssL~¶1(loss-

z L

7HPr :ý L 4E II - I 70
lee &/F p-cE- r SELUwj7-28:o t S r

;:-A /c 9f 9 P E5Is75VtfPop J



SOUJTHWEST RESEARCH INSTUE
DEPARTMENT OF ENERGEM1 SY~STEMS SHEET NO

COMPUTAT)ON SHEET O

IPROJECT NO-. - soool EZ
suSJE~ 5 -7E EL- co,, c RE-TE c_,o a "I 7E rnN>U A vLL
mly:* ' MO I -' - DATE: __ 19 9'2 CHECK c.. 'Y: - _____ DATE CHECKED: -__ 19

pIT r, pL.TE cNEP-T

W ITH PLATcE IVczo

ý-r~ P~~f i-7-1 DIAV/IDi L./ALL Dc5j644'

1-i2" C-SA/v~oTe7 v1 A VI1WTH A,q- -2 9 , &/A.,iA w L'TH'

MO ,'1PE AT Wf) O pL- ILL -5 /~ 4*r-FC-

* L4A 51 VDF~ L) F - 1 ý ee ý DETLE-cT/roA/

D&'- JO7L -roTAL Tf4Iltj ;C-** +*

F~. 3& P.Om-rION 7

7-29



APPENDIX 8

WEAPON LOADOUT

Ag

__ _ __ _ _ __ 1



SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF BALLUST;CS ANO EXPtLOSIVES SCIENCES SHEET NO.
COMPUTATION SHEET OF f/

PROjECT NO. 7e- , SPONSOP11 ~ L
SUBJECT: t________7___________________________s

BY: .ZI •±7 _ OATE • "_ 3 %Z_ CHECKEOB_• _ OAT CHIECKEO -_ it

I. i. /H n 4 d J '

L1

S......P' 7-

EyL' 1 (A') d4 -- 2 4
-. A -.A4f 1F2-4~~~ 411A 'e 141t - .4.I.d-4

~-iL J6d ~ ~ jz~~~4l~J~/see4.~



SOUTHWEST RESEARCH INSTITUTE -

DEPARTMENT Or ENERGETIC SYSTEMS SHEET NO.

COMPUTATION SHEIET _-1OF

PROJECT NO, C2-c -SPONiSOR: C L

SUBJECT:_ - -l

By! DATE : Is!A CHECKEDY gO ATE CNBUo! is

*"l
SHIPPING; DIMENSIONS

OVERALL LENGTH 317 ;.. SHIIPotNG C~tAoc 1!38 c,.Ft.

OVEkALL HEIGHT W5-1/.~ SMIP0NG w'-GmT 21666 If, AT-li'

OVEkALL WIDTH 96 ;n SmprI9NG TONNAGE 103 .. AT&AG

SHIPPING DIMENSIONS

OVERALL LENGTH4 32-213/16 ;.S$HPOING C!,%ACE 1873

OVj.3.ALL tsýGkl U5 -1/2 ~. SHIPOING wfIC.HT 15-,Ib.,T~

OVEILA-L WIDTH %i.. SHIPhPiNG TO~NNAGE ;2 86.XT.W

naAk ffI M l i P*Q1 veP



-J

SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF ENERGETIC SYSTEMS SHET

COMPUTATION SHEET OF

PROUECT P4. 0.2 - 70 _Y2-- SPONSO CRL
,SUsJECT; -6 A., v l -&7*j L _"_ __

IY: - DATE 2 19 _ CHECKEO RY OAT CHECXEO: _ 19

1.5. TabgLatea Data b. Dinmtnioo .

a. Gentra.•. Heigiht overall:

Crew ......................... 2 341. MS1A1. and 3814.. 6 1/2 in.-÷11015 ...... '..................... Ila It_
Vlhicle weight Iemptyy with front winch faaa.pt M-'I"'• 14 ........... I................ ,Lo s, in.

316A13 ........................... 21.8441 lb.. M i$s ....... .................. 89 In.
6M813AI ........................ 21,68t lbi.L M919 .......................... 132 in.

4M814 ............................ 5,7724 lbi. 4120. 1fi20AI, and M82OA2 ...... 136.37 in.
311815 ........................... 21.790 LbL. M821 .......................... IZO 3/4 in.

-MAI ........................... 36,000 l Length, ovbrall. w/o front winch:

1M 17 ........................... 24,323 lb.,
MISi ............................ 19.260 lb., M813. M913A1, and Mil5.. 04 in.
3 il9 ............................ 14.480 lb . M Il ........................... 2 ,13 1& .
N1820 ........................... 27.340 )be. 1,,2/w
MR20AI ......................... ,55C lb., wo/w - .-
M6 0A2 ....... ................. .90 be. a . 9 w /w Moll ............ .............. 264 3/1 in.

S2l ........... ............... 21,710 lb. 304820. MS20AI. and X920A2 ...... 360 in,

NP4TE LAnthi, overall, w/front .imeh:
X@613. XSISAI. and 3615 ........ 317 In.Deduct 714 pounds for vehiclep not eq.ip- X814 ............................ 392 13/16 In.p ed with a front winch. IV 3616 ............................ 351 in.

MPyo ................... ........ 2 2 in.Pzyios +• hgh• )• •+•M•l• .. . ... .. ... ... .. ... 2310 in.

M9+13, Mi93AI. M9614, N(IS. XMil ............................ 369 1/4 in.
and 34121 .. ................... 20.000 lb.. 11021 ............................ 1,/ in.
34616 on cramn) ................ S* cram* sal e

load plt. Width:
S .................... M0.000 iba. e•-•o 3413. )1613AI, and M813 1.........IS 3$A in.

M1 .................... 25,000 lb.. -w•fht MA02. %IRIS, a&" Ms.g .......... 9.7 In.
Sfifth whooel X61 ...... ................... , 1.4 In.

319 .......................... 14.00 lb weight M29IP ......................... 97 1lI'/1 in.
on fifth -%**1 .42A. X92OAI aid 342OAl ..... 98 In.

WA620, MV2lAI and 3620A2 ..... S ,ooe ib.. M821 .......... 1: n.
Pai6ioed iff Ground eioarsn-, minimum

.3 81. 3483A1. 34414. MXl1, X8613 MXISAI. N114. 3M861,
Ma31,. and X9.21 10. b. .... .. 100 Mi0. and M3I1 r10 1/2 In.
N818 ;in crawna ............... S## cram* sfe M1616, nd V1019 ... 1!

1oad plat* 4120. MR?20AI. 3620A2.,
M 9'6 ................. ......... 11 , Ono he. -~ t and MR11 -.... .... .. .. . 13 in.

on f!f*.h .whl Turning tircle fdil,. wi iriot W2 'r i
M R19 .... ... 12.00<) 'b . w "itht "Al6'. nd M R 3A I L........ ..... -. 3 f `. & in.

on ifiih *hI MA14+ 4920, and M??4AI . 91 ft. 10 in.
M8320. M2OAI. and M42fA2 . . 6.000 . I It. 10 In.

Mils ......................... ft 0 in.
M!420A2 ....................... 4 ft. 10 In.

Pavliad limits Thown ari without per. Turning cirri. idii) w front wjmch:
non rel (4 1M 'bi 15,00 M and 12,00'-pound M4 13. M il3A I. and M VIl ........ 4 ft. 8 i. P
1o4ds on fJ'. wheel are for HimtM M6114 ......... ........... 95 f _ 4 in.
crorns countr7y Operaton. M316, and N(:g .................. 94 ft. 10 iný.

X , .. . . . . .. . 60.. f. g 2 in.
)d1a. ............................ 7ft 8 in.M 2 i . ....... .................. 3 f9 . 6 in.

!T4.r7
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Crankcase: (wet refill, . ý .... U qts. Highway (psi.):
Oil filter .... ........ qta.d 1(3. 63 IX14,M S
Differential%. each .........12 qts )A817, A.J4 XI818 ..........70

... Transmission w/o power takeoff .13pts.
4.w/ power takeoff .. 4pta. NI819 .............- I'

Transfer w~ o power t'tkeoff .... 5 qts. M(820, X820A1. and XQ20AZ .... 90
p~ )ower takeoff .. . . / 2 qis. . 92 ......... .. . ... ..

Winch: Cross country (pail:

Fro t . .. . ... ** ,*, ,*, . .26 qs.All "IoDel .... . .. . . . .. . .sRear . . . . . .. . . . . . . ..3.0 qita.
Midship .......................... 2.6 qita.Md ad n nw(e)

Fued tank: All mode!, .................... I

-NIS17, and 1(818 ...........10 1 Voltage (*aed).......... L........12

d. Performance. Grud.............ngtv

Maximum speed ......... SSmph a 2100 Sretn ilrcp

Frig;epth rpm -. tin Prs .or4W s ..LAC ........T... 7 psi .

Widshipt woinc caait .. (.ax)....... 2000 lbn. Strt....e t -....... 165
0

F.

Front winch capacity (W.8%) .... 20.000 lb.. A. rks
1(ax~muts towed load (on highway): S*"~ic* brakes:

All models except Mots8, and Typt ............ L............. Air-hydraulic
062.............................. The Brake pedal free travel........../4 to 1/2 in.(Pirtle)

.. . .. . .. . ... .. . . 56,000 lbs. (fft Hand br ks
wheal) Location ... ......... ta se erot

1(819 ............ 46,000 los. (fifth p tshalt

wheell i. FotWnh
M6aximsum towed load (off highway)Caaiy-...L........ 

0DOIaAll models ezc~pt Mots, anCpdt............000l.
1(819 ............ .. 15,000 lbs. Cable length:

Ipintle) Al! models excpt Mots,. and
mos ..... I........... 20.0"~ ;i". (fifth M1819................ ............ 200 ft.

.wheel) Vold,. and Mots9................. NO ft.
W1119 .. . . . . . . . .. . .. 30.000 lb-t. (fifth

wheal) Rear Winch (AM916).
-. .. Ca pacity .... . . . . . . .. .4 ,o be.

Cable lergth.....................280 it.

k. Midal'jp Wintch M1)
Capacity .. .. . .. . . . .2 00 lbs.
Cable length ... ...... 200 it.

nip
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